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bulk modulus: equilibrium constant of chemical reaction 

radius of gyration: (thermal conductivity) : velocity constant of chemical reaction 

Boltzmann’s constant 

(luminance; brightness) : inductance, especially self-inductance: inductance, self or 
mutual * 

length: [equivalent ionic conductance *) 

(intensity of magnetization) 

moment: bending moment: molecular weight : mutual inductance 

mass: molality 

mass of electron 

number of molecules 

Avogadro’s number 

number of moles: refractive index * 

(pressure) : power 

(pressure) 

(quantity of heat): electric charge: power, reactive: partition function 

(quantity of heat) 

luminous radiance : resistance 

gas constant per mole: Rydberg’s constant 

radius : spherical or cylindrical coordinate: (resistivity; specific resistance) 

entropy : power, apparent 

Poynting vector 

period: kinetic energy : torque: temperature, absolute: (transport number *) 

time: [temperature, empirical]: (transport number *) 

internal energy 

(velocity) 

(volume): potential energy: potential: potential difference: (electromotive force) 

(volume) : (velocity) 

weight : (work): (energy): energy, electrical 

(work): weight fraction 

reactance 

coordinate: mole fraction 

admittance 

coordinate 

modulus of section: atomic number: impedance 

coordinate : valency of an ion 

(angle): angular acceleration: coefficient of thermal expansion: degree of dis- 
sociation : light absorption factor 

(angle) : luminance factor 

Bohr’s magneton 

surface concentration 

(surface tension): ratio of specific heats: (activity coefficient, especially stoichio- 
metric) : (conductivity; specific conductance) 

increment or finite difference operator 

increment or finite difference operators : dielectric loss angle 

[base of natural logarithms] : permittivity 

electrokinetic potential 

efficiency : viscosity : electrolytic polarization ; overpotential 

(angle) : spherical coordinate : temperature, empirical 

compressibility: magnetic susceptibility, volume: conductivity; specific con- 
ductance, especially of electrolytes 

equivalent conductance: equivalent ionic conductance * 
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Symbols, Signs, and Abbreviations. 


wave-length : (thermal conductivity) : activity, absolute 

coefficient of friction: Joule-Thomson coefficient : chemical potential: [refractive 
index* permeability : dipole moment 

(frequency): (wave number): [Poisson’s ratio]: kinematic viscosity: stoichio- 
metric number of molecules 

(wave number) 

product 

osmotic pressure 

ratio of circumference to diameter 

density: light reflexion factor: electric charge density, volume: (resistivity; 
specific resistance) 

summation 

Poisson’s ratio: (surface tension): electric charge density, surface: (conductivity ; 
specific conductance) 

Stefan—Boltzmann constant 

light transmission factor 

(luminous flux) : magnetic flux 

(angle) : spherical or cylindrical coordinate : fluidity : electronic exit work function : 
phase difference: volume fraction 

magnetic susceptibility, mass 

electric flux 

(angle) 

solid angle: angular velocity 
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369. p-Aminodimethylaniline. Part I1V.* The Effect of Substituents 
on the Stability and Mode of Decomposition of the Diazoniwm Com- 
pounds. 

By Joun H. Gorvin. 
The stability of diazotised p-aminodimethylaniline and certain of its 
derivatives is discussed in terms of resonance in the diazonium ion. The 
decomposition of weakly acidic or neutral solutions of these compounds seems 


to proceed extensively through the un-ionised diazo-form since appreciable 
amounts of the simple deamination products are obtained. 


ALTHOUGH the high stability of diazotised p-aminodimethylaniline in strongly acid solution 
may be partly conditioned by the electron-attracting *NHMe, group (Ayling, Gorvin, and 
Hinkel, Part I, J., 1941, 613), considerations of basic strength make it probable that the 
stability prevailing even at pH 3-5 is due to the high resonance energy of the univalent ion (1) 
(cf. De Jonge and Dijkstra, Rec. Trav. chim., 1948, 67, 328; Mills, J., 1944, 349). In the 
diazonium-—diazo-equilibrium this ion will predominate in the acid range (cf. Hantzsch, Ber., 
1930, 63, 1279); corresponding stabilisation of the diazoate ion will be impeded by the NMe, 


group with consequent high instability in the alkaline region (cf. Part I). In the present work 
interest centred on the trend of stability over the pH range 3-5—7-0 as influenced by 
o-substituents; for this study the “ incipient-decomposition ’’ method (Part I) proved 
adequate. The compounds selected for comparison with p-aminodimethylaniline were 
its o-chloro-, m-nitro-, and 2-chloro-3-nitro-derivatives (Ayling, Gorvin, and Hinkel, /J., 
1942, 755; 1946, 530). The tests showed that whereas the sharp fall from high stability 
at pH 3-5 to low stability at pH 7-0 shown by the parent substance is reproduced by its 
m-nitro-derivative, diazotised solutions of the two o-chloro-bases were relatively unstable at 
the lower pH and showed comparatively little change in stability over the range. The curves 
obtained for the o-substituted compounds (see Fig.) more nearly approached that of diazotised 
aniline (Saunders, ‘‘ The Aromatic Diazo-compounds and their Technical Applications,” Arnold, 
1949, p. 99) than those of p-aminodimethylaniline and 4-amino-N N-dimethy]-3-nitroaniline. 
Now the shape of these curves is determined by (a) the stability at pH 3-5, and (b) the amount of 
un-ionised diazo-compound present at a given pH (cf. Part I). On the hypothesis that the 
stability of diazotised p-aminodimethylaniline is caused by resonance of type (1), steric 
hindrance of the mesomerism of the dimethylamino-group by an o-substituent (cf. Hughes, 
Quart. Reviews, 1948, 2, 107) will decrease (a) and increase (b). The shapes of the curves 
obtained are consistent with the hypothesis. 

Published information on the mode of decomposition over the pH range 3-5—7-0 is scanty. 
If the same mechanism predominated as in strongly acid solutions (pH <3-5) in which only the 
diazonium ion is involved (see Saunders, op. cit., p. 62) stability would decrease only slightly. 
It is possible that diazotised aniline decomposes almost entirely in this way (Moelwyn-Hughes 
and Johnson, Trans. Faraday Soc., 1940, 36, 948; Hodgson and Marsden, J., 1943, 379; 
J. Soc. Dyers Col., 1944, 60, 16; 1945, 61, 20) though the occurrence of benzene in the reaction 
product (Jolles, Atti R. Accad. Lincei, 1932, 15, 292; Hey and Waters, J., 1948, 882) suggests 
that homolysis of un-ionised diazohydroxide may also participate. Compounds showing a 
sharp fall in stability must decompose by a mechanism different from, and additional to, that 
occurring in strong acid. For diazotised p-nitroaniline Hodgson and Norris (jJ., 1949, 87) 
describe such a mechanism, but it is improbable that this could fully account for the case of 
diazotised p-aminodimethylaniline since the hydrolysis involved would be impeded by the 
p-dimethylamiao group. In Part I it was stated that the rate of decomposition is determined 
by the concentration of un-ionised diazohydroxide. The possibility of homolysis was not then 
discussed but it was reported that the diazo-resin produced in the decomposition was 
accompanied by dimethylaniline; the formation of this can adequately be explained only by a 
free-radical decomposition mechanism (Gorvin, Thesis, Univ. of Wales, 1938, p. 18). It is 


* Part III, J., 1946, 530. 
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generally true that the odour of dimethylaniline is a characteristic of all solutions of the 
diazotised base in weakly acid or alkaline conditions, and the corresponding odour of o- or 
m-chlorodimethylaniline is similarly noticeable with the chloro-substituted compounds. In 
Table I are recorded the steam-volatile products obtained from a series of diazonium chlorides 
after decomposition in presence of calcium carbonate; the simple ‘‘ deamination product ” 
was found in every instance. 

Although a few cases have been recorded of spontaneous reductive elimination of the diazo- 
group in dilute sulphuric acid solution (cf. Gelissen and Hermans, Ber., 1925, 58, 986) the 
phenomenon has been observed in neutral or alkaline solution only by Jolles (loc. cit.), by Waters 
(J., 1937, 2015), and under special conditions by Gomberg and Pernert (J. Amer. Chem. Soc., 
1926, 48, 1372). Hodgson (J., 1948, 348, 556 ; cf. Hey and Waters, ibid., p. 884) has questioned 
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A. Diazotised 4-amino-NN-dimethyl-3-nitroaniline. 
B. Diazotised 4-aminodimethylanili 

C. Diazotised 4-amino-2-chlorodimethylaniline. 

D. Diazotised 4-amino-2-chloro-NN-dimethyl-3-nitroaniline. 





Tas_e I. 
Reductive elimination of diazo-groups by decomposition in neutral solution. 
Dimethylaniline derivative. 
‘diazotised. in product. 
p-Amino- Dimethylaniline 
4-Amino-2-chloro- o-Chloro- 
hloro- m- 





Yield (%). 
9-5 


3-nitro- m-Nitro- 


3-chloro-2-nitro- 
2-chloro-3-nitro- 
2-chloro-5-nitro- 


3-Chloro-2-nitro- 
2-Chloro-3-nitro- 





2-Chloro-5-nitro- 
2 : 5-dinitro- 2 : 5-Dinitro- 

its occurrence, It seems to proceed by homolysis of the diazohydroxide (Saunders and Waters, 
J., 1946, 1154) with subsequent reaction of the resulting phenyl or substituted phenyl radical 
with another organic molecule (Merz and Waters, j., 1949, 2427). According to Hey (Ann. 
Reports, 1940, 37,278; cf. Waters, J., 1937, 113; Haworth and Hey, J., 1940, 364; Heilbron, Hey, 
and Lambert, ibid., p. 1280), of the two possible mechanisms (2) and (3) for the latter reaction 
the process (2) seems to occur preferentially when R’H is an aliphatic compound, and process (3) 
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when R”H is aromatic, though there is no sharp division between the two types. It is therefore 
possible that the products recorded in Table I are formed predominantly by reaction between 
the free radical and the N-methyl groups of adjacent molecules (process 2). This hypothesis is 
supported by the increased yield of deamination product obtained when ether was added as a 
source of aliphatic hydrogen (cf. Hanby and Waters, J., 1939, 1793) to diazo-compounds 
decomposing in acetate buffer (Table II). The acetic acid present in these solutions, like the 


Taste II. 
Reductive elimination of the diazo-group in acetate solution. 
Yields (%), 
Dimethylaniline derivative fame 
diazotised. in product. 

4-Amino-3-chloro- m-Chloro- 

»  3-nitro- m-Nitro- 

»  2-chloro-5-nitro- 2-Chloro-5-nitro- 








water itself (Merz and Waters, loc. cit.), does not appear to act as a source of hydrogen atoms. 
This observation is not inconsistent with a possible location of the homolysis in the non-aqueous 
phase, i.e., the diazo-resin, which will be largely built up by process (3) according to the scheme 
of Saunders and Waters (loc. cit.) and only to a —— extent by azo-coupling either with the 
phenol (Part I; cf. Oddo and Indovina, Gazzetta, 1935, 65, 1037, 1054) or with the deamination 
product. The radical *R’ produced by loss of hydrogen from the N-methyl group can react in 
its turn by process (2) or (3), thus increasing the complexity of the diazo-resin. Further 
evidence in favour of this interpretation is provided by the failure of the coupling reaction between 
diazotised 4-amino-3-chlorodimethylaniline and dimethylaniline in acetate buffer (Part V, 
succeeding paper). In this case the dimethylaniline acts as an additional source of 
hydrogen atoms, and the resulting yield of m-chlorodimethylaniline is increased from 29% 
(Table II) to >40%. 

The yields recorded in Tables I and II are obviously dependent on three variables: (a) the 
extent of fission of the un-ionised compound, (6) the fate of the free radical formed, and (c) the 
degree to which the dimethylaniline produced undergoes azo-coupling or further reaction with 
free radicals. Substituents in the benzene ring reduce the number of free positions at which 
process (3) may occur, which may partly account for the high yields of m-chloro- and m-nitro- 
dimethylaniline; the possibility remains however that the m-group in the free radical may to 
some extent impede process (3) by steric hindrance to the advantage of (2). The comparatively 
low yield of dimethylaniline on the other hand is produced from the unsubstituted compound 
by process (2) under conditions where opportunities for process (3), from the point of view either 
of the free radical or of the resultant base, are maximal. Azo-coupling can have caused 
little reduction in the yields. Diazotised p-aminodimethylaniline (Part I) and its 
m-derivatives (Part V) couple very poorly with dimethylaniline: o-substituted dimethyl- 
anilines do not couple readily with diazo-compounds (Friedlander, Monaish., 1898, 19, 627). 
Dimethylaniline tends to separate from a neutral solution and commingle with any diazo- 
resin present; it can then act as a solvent for free radicals or for un-ionised diazohydroxide 
(Grieve and Hey, J., 1938, 108) and provide a medium for free-radical reactions while remaining 
largely protected from the coupling reagent. 

Since in weakly acid solutions decomposition of the diazonium ion and of the diazohydroxide 
proceed simultaneously it may be suggested that (a) with unstabilised ions, e.g., benzene- 
diazonium, the ionic decomposition predominates, and (6) with very stable ions decomposition 
proceeds largely through un-ionised forms, e¢.g., by hydrolysis (cf. diazotised p-nitroaniline) or by 
a free-radical mechanism. It would be expected that, in diazotised p-aminodimethylaniline, 
inhibition of the mesomerism of the NMe, group would favour the ionic process at the expense 
of the homolysis. Comparison of the yields of dimethylaniline and of o- and m-chlorodimethyl- 
aniline (Table I) suggests that such is the case. The yields of m-substituted deamination products 
are also reduced by an o-substituent with one exception, that of 2-chloro-N N-dimethy]-5- 
nitroaniline. Under the conditions of Table II, however, the yield of this compound is 
significantly less than that of m-nitrodimethylaniline. 

Diazotised 4-amino-NN-dimethyl-3-nitroaniline subjected to the Sandmeyer procedure 
yields deamination product in addition to 4-chloro-NN-dimethyl-3-nitroaniline. This, 
however, is probably caused by reduction by the cuprous ion (cf. Hodgson, Leigh, and Turner, 
J., 1942, 744; Hodgson and Mahadevan, j., 1947, 173). The Sandmeyer reaction, like diazo- 
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coupling, is retarded by positive substituents such as dimethylamino (Cowdrey and Davies, 
J. 1949, S 48), but as diazotised p-aminodimethylaniline behaves normally under the same 
conditions (Part I) the nitro-group may, as in the coupling process (Part V), be exerting a steric 
effect tending to impede the normal reaction to the advantage of the side-reaction. 


EXPERIMENTAL. 


Materials.—The bases were prepared as described in Parts II and III, except that 4-amino-NN- 
dimethyl-3-nitro- and -2 : 5-dinitro-aniline were prepared according to Hodgson and Crook (j., 1932, 
2976; 1934, 873). These bases were recrystallised to constant m. p. before use, the latter from carbon 
tetrachloride in brown-orange “eng A aay om m. p. 80°, a polymorphic modification (Hi and Crook, 

. cit., black needles, m. Although a carbon tetrachloride solution could be induced to 
yield blac needles, the form of eee een the highest m. p. obtained for a 
sample consisting largely of black ow me 

Relation between pH and Stability.—The ccaad 4-amino-N N-dimethyl-3-nitro- (3-33 g.), 4-amino-2- 
chloro-NN-dimethyl-3-nitro- (3-96 g.) and 4-amino-2-chloro-N N-dimethyl-aniline (3-14 g.) were each 
diazotised with sodium nitrite (1-3 g.). The solutions were made up to 100 c.c. so that each contained 
40 c.c. of hydrochloric acid (d 1-2). Buffer solutions were prepared according to the procedure described 
in Part I (p. 618), each of these containing the same molar concentration of diazo-compound as Solution I. 
The methods used for the determination of and decomposition temperature for each solution were 
those adopted for diazotised p-aminodimethy enitine. The results are given below and may be compared 
with previous figures reproduced from Part I. 











Mean decomp. temps. 
Substituent in p-NH,°C,H,-NMe,. 
'3-NO,. 2-Cl-3-NO,. 2-Cl. 
. * 





47° 

50 

50 

52 

54 

+ 

* = Unstable at room tem mperature. + = No change apparent at 100°. 
¢ Decomp. apparent at 100° after several mins. 


It should be pointed out that the method used in in obtaining these results employs a standard condition 
of stability, namely, incipient decomposition, which does not necessarily —— the same absolute 
stability for two erent diazo-compounds. Thus, although the shapes of the curves for diazotised 
p-aminodimethylaniline and its o-chloro-derivative may be com , It cannot be assumed that their 
point of intersection corresponds to two solutions of identical stabi ity. 

Decomposition of Diazonium Solutions in Presence of Calcium Carbonate (cf. Table 1).—The amine (1 g.) in 
water (10 c.c.) and hydrochloric acid (4 .c.c.; d 1-2) was diazotised with a slight excess of sodium nitrite, 
urea being su uently added. The solution was diluted to 200 c.c. and left at room tem: ture for 
7 days in presence of precipitated calcium carbonate (15 §) ; it was then steam-distilled. volatile 
decomposition product was recovered from the distillate by ether-extraction, and the solvent removed. 
In the case of amines giving a crystalline deamination uct the residue was dissolved in hydrochloric 
acid (20%), and the filtered solution neutralised with aqueous ammonia. The crystalline dimethyl- 
aniline derivative, weighed as such, was identified in each case — m. p. determination with the. 
authentic substance (Part III), after sermetaiiieatinn if necessary. m. p.s did not indicate the presence. 
of more than traces of other steam-volatile decomposition products. “ e decompositions of diazotised 
p-aminodimethylaniline and its o- and m-chloro-derivatives, the oily residue from the ether-extraction 
was weighed and dissolved in a suitable solvent with a slight excess of picric acid and the solution 
allowed to crystallise (dry benzene was used for py ae mg picrate, ethanol for the other two). 
From the weight of picrate (similarly identified mixed m. p. determination with the authentic 
substance) the yield of deamination product was MB wy 

The decompositions were repeated, in some instances using the requisite amount of sodium nitrite 
without addition of hey the yields appeared to be guite ite reproducible. When p-aminodimethyl- 
aniline was diazotised by the standard procedure and the solution immediately steam-distilled over 
calcium carbonate, the position proceeded rapidly and dimethylaniline commenced to distil at 
once. The reaction appeared complete after 24 hours. The yield of dimethylaniline (ooo estimated 
as picrate) was substantially the same as that obtained by slow decomposition in the cold 

sitions of Diazonium Solutions in Acetate wie (cf. Table I1).—From the amine tobe studied, 
two similar diazo-solutions (A and me ges: agg es agree standard procedure (ez\ch from 0-5 g. of base) ; 
the solutions were each treated um oA by te g-; anhydrous) and diluted to 100 c.c. 
Solution A was set aside to poe Base Solution B was thoroughly 
the ethereal layer, and set aside to decompose in a loosely 
only traces of tar on evaporation. After 10 days solutions A and B were 
ether; the solvent was removed and the residues steam ‘ 
the ether had now extracted resinous decomposition products which remained in the distillation flask. 
The steam-volatile product was extracted from the distillate and worked up by the standard procedure 
This experiment serves to eliminate any possibility that the deamination product might be formed in the 
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diazotisation rather than d , the subsequent decomposition. The yields obtained from the two 
bases studied, as well as fro 4-amino-3-chlorodimethylaniline decomposing in the absence 
of ether are set out in Table II. 

Reaction of Diazotised 4-Amino-NN-dimethyl-3-nitroaniline with Cuprous Chloride.—The base (2 g.) 
in hydrochloric acid (8 c.c. ; foe RES i es 


The author is very grateful to Dr. L. E. Hinkel and Mr. E. E. Ayl for their interest and 
encouragement. Thanks are also offered to Imperial Chemical Industries ited, Dyestuffs Division, 
for a grant. 

UNIVERSITY COLLEGE, SWANSEA. 

(Present Address): Wrtitcome LABORATORIES OF TROPICAL 

Mepicine, Lonpon, N.W.1. (Received, January 9th, 1951.) 





370. p-Aminodimethylaniline. Part, V.* The Effect of Substituents 
on the Azo-coupling Efficiency of the Diazonium Compounds. 
By Joun H. Gorvin. 


In Part I (J., 1941, 613) Ayling, Gorvin, and Hinkel showed that the low 
coupling power of diazotised p-aminodimethylaniline with amines and phenols 
is a consequence of electron-release by the NMe, group. It has now been 
demonstrated that, whereas a single m-substituent either exerts no influence 
(Cl) or reduces the coupling power (NO,), an o-substituent markedly increases 
the efficiency of the reaction whether or not a m-substituent is at the same 
time present. Diazo-compounds of this type show a general tendency to 
couple under the strongly acid conditions of Schoutissen (J. Amer. Chem. 
Soc., 1933, 55, 4541). 


THE reaction of diazotised p-aminodimethylaniline with an amine or a phenol is a ‘‘ coupling- 
decomposition ”’ process (Ayling, Gorvin, and Hinkel, Part I, J., 1941, 613) in which the yield 
of product depends on the relative rates of two simultaneous reactions. The effect of nuclear 
substituents on the efficiency of the process must therefore be considered in relation both to the 
stability of the diazo-compound (Part IV, preceding paper) and to its rate of coupling. An 
o-substituent, by impeding the mesomerism of the dimethylamino-group, will increase the 
tendency to passage into un-ionised forms: thus in a weakly acidic medium of given pH the 
coupling reaction is facilitated under conditions of reduced stability. Consequently the absolute 
rate of azo-coupling should be increased and the “ coupling-decomposition ”’ process at this 
pH completed more rapidly. A m-substituent on the other hand will not appreciably modify 
the influence of the dimethylamino-group: hence the m-substituted bases should resemble 
p-aminodimethylaniline both in the duration of the process at a given pH and in the absolute 
rate of coupling of their diazo-compounds. 

The effect of a substituent on the absolute rate of decomposition is less clear, since it depends 
on the particular mechanism involved. It appears (Part IV) that diazotised p-aminodimethyl- 
aniline and its m-substituted derivatives, in which the ionic form is stabilised, decompose in 
weakly acidic solutions to a large extent by homolysis of the un-ionised diazo-compound. 
Grieve and Hey (J., 1934, 1797; 1935, 689; cf. Hey and Waters, J., 1948, 882) state that the 
rate of such a process is essentially independent of the nuclear substituent. Although Huisgen 
and Horeld (Annalen, 1949, 562, 137) suggest an alternative interpretation of certain evidence of 
Grieve and Hey, they do not claim that substituent groups markedly affect the rate of actual 
homolysis, the driving force of which they, like Saunders and Waters (J., 1946, 1154), consider 
to be the elimination of nitrogen. The assumption, if justified (cf. Ambrose and Brady, 
J., 1950, 1245), suggests the corollary that all diazo-solutions in which decomposition is 
determined purely by homolysis will possess minimum stabilities of the same order of magnitude, 
although this minimum, which corresponds to maximum production of un-ionised forms, may 

* Part IV, preceding paper. 
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occur at slightly different pH values according to the substituents in the ring. In the present 
case, however, the validity of the assumption is of little moment, for in the diazohydroxides in 
question the dimethylamino-group can exert its full mesomeric effect independently of the 
m-substituent; thus it seems reasonable to assume that the un-ionised diazohydroxides (or 
acetates) derived from p-aminodimethylaniline and from its m-substituted derivatives will 
the same absolute rate of decomposition. 

From the foregoing it was expected that the yield of azo-compound would be unaffected by 
the presence of a m-substituent in so far as the latter exerted no direct effect on the diazo-group. 

It was shown in Part IV that homolytic fission may play a less prominent réle with the 
o-substituted derivatives than with those compounds in which the full stabilising effect of the 
dimethylamino-group is apparent; in these instances heterolysis of the ion may become more 
prominent than homolysis of the diazohydroxide. In view of the uncertainty on this point it 
can only be stated that the probability of the diazo-compound, in whatever form, undergoing 
decomposition in a given time is greater for the o-substituted compounds than for diazotised 
p-aminodimethylaniline over the usual pH range. The efficiency of coupling will therefore 
depend on the degree to which the decrease in stability caused by the presence of the 
o-substituent is outweighed by the increase in coupling activity resulting from the same cause. 

In the present work the effect of a m-substituent was studied in 4-amino-3-chloro-NN- 
dimethyl- and 4-amino-NN-dimethyl-3-nitro-aniline. The ortho-effect was investigated in 
4-amino-2-chlorodimethylaniline and, in presence of a m-substituent, in the 4-amino-3- 
chloro-2-nitro-, 4-amino-2-chloro-3-nitro-, 4-amino-2-chloro-5-nitro-, and 4-amino-2 : 5-dinitro- 
derivatives of dimethylaniline (cf. Ayling, Gorvin, and Hinkel, Parts II and III, J., 1942, 755; 
1946, 530). The yields obtained in a series of coupling reactions in weakly acid solution are set 
out in the Table and may be compared with yields obtained under the same conditions with the 
unsubstituted base (cf. Part I) and with -toluidine. In agreement with the foregoing 
conclusions, diazotised 4-amino-3-chlorodimethylaniline differed little from the unsubstituted 
compound in the yields of azo-compound obtained. Diazotised 4-amino-2-chlorodimethy]l- 
aniline however showed significant increments in the yields obtained, and the ortho-effect was 





The effect of substituents on the coupling efficiency of diazotised p-aminodimethylaniline. 
Mean yi (%) and colour of azo-compound. 
inodimeth yianil 


Substituent in p-am: 





Amine or phenol coupled. 
B-Naphthol ............scseeeeceeeee 


a-Naphthylamine ...............++ 
B-Naphthylamine .................. 
Naphthionic acid 
Anthranilic acid ............ 2.000060 
Dimethylaniline 


purple-brown purple-brown 
37 35 
purple-brown 
1 


Mean yields (%) and colour of azo-compound. 
: Substituent in p-aminodimethylaniline. 
Amine or phenol a 


coupled. 3-Cl-2-NO,,. 2-Cl-3-NO,. 2-Cl-5-NO,. 2: 5-(NO,),. p-C,H Me-NH,. 
B-Naphthol ............... 91 om 89 


a-Naphthylamine 





orange-brown yellow-brown brown 
92 79 


92 
bright red bright red dark red 
* No pure ppcmugonns isolated. 
a lorodimethylaniline produced in >40% yield. * m-Nitrodimethylaniline produced in 
12-5% yield. * m-Nitrodimethylaniline produced in 27% yield. * Weighed as red-orange hydro- 
chloride. 
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even more striking in the case of 4-amino-3-chloro-2-nitrodimethylaniline. There can be no 
doubt that in these instances the increased coupling activity due to the o-substituent more than 
neutralised the reduction in stability of the reacting solution. These examples bear a close 
analogy to the elimination by an o-substituent of the inhibiting influence of the dimethylamino- 
group on the alkaline hydrolysis of ethyl benzoate (Westheimer and Metcalf, J. Amer. Chem. 
Soc., 1941, 68, 1339). 

The introduction of a m-nitro-group into diazotised p-aminodimethylaniline resulted most 
unexpectedly in a considerable diminution of the coupling efficiency; whereas a possible slight 
increase in coupling power might have been expected in view of the negative character of the 
nitro-group, the actual yields obtained were the poorest in the series and reaction proceeded 
sluggishly with considerable decomposition. Reductive elimination of the diazo-group 
proceeded in the usual way (Part IV). In a typical coupling reaction with 6-naphthol the 
azo-compound (48-5%) was accompanied by an amount of m-nitrodimethylaniline (12-5%) 
equivalent to the decomposition of just under half of the original diazo-compound calculated on 
the basis of Table II (Part IV). In the naphthionic acid coupling no azo-compound could be 
isolated from the resulting tar but on steam-distillation m-nitrodimethylaniline (27%) was 
recovered. It appears therefore that B-naphthol and naphthionic acid, which do not separate 
from the coupling mixture as a liquid phase, and which contain no aliphatic groups, have little 
or no effect on the free radical decomposition of the uncoupled diazo-compound. The present 
case resembles those previously discussed in that the substitution of an o-group greatly improved 
the coupling efficiency; the yields obtained with the 2-chloro-3-nitro-, 2-chloro-5-nitro- and 
2: 5-dinitro-derivatives were excellent and the reactions were complete within a short time. 
Comparison of yields obtained with the diazotised 4-amino-2-chloro-, 4-amino-2-chloro-3-nitro-, 
and 4-amino-2-chloro-5-nitro-amines indicates in general slightly higher coupling efficiency in 
the last two compounds; it would seem that, in the o-substituted if not in the unsubstituted 
compound, a m-nitro-group is able to cause some withdrawal of electrons from the adjacent 

up. 

All the o-substituted compounds coupled normally with dimethylaniline. The diazotised 
4-amino-3-chloro- and 4-amino-3-nitro-compounds however gave no isolable azo-compound. 
Homolytic decomposition is favoured by the withdrawal of the weakly coupling diazohydroxide 
from solution by the dimethylaniline (cf. Part IV); in the attempted coupling of the m-chloro- 
/liazo-compound at least 40% was reduced to m-chlorodimethylaniline. 


+ + 
Me, Me, NMe, 


- + 
x NO, bs ‘5-6 
HR HR] 


(L.) (II.) (III.) 


The anomalous behaviour of diazotised 4-amino-N N-dimethy]-3-nitroaniline may be related 
to the indirect interaction between a positive group and a negative group meta to it which is 
apparent in colour (e.g., of m-nitroaniline) and in certain substitution reactions in which the 
6-position is deactivated to the advantage of the 2-position (cf. Dewar, J., 1949, 468; Kleene, 
J. Amer. Chem. Soc., 1949, 71, 2259; Kobe and Hudson, Ind. Eng. Chem., 1950, 42, 356). The 
2-nitration of m-halogenodimethylanilines (Hodgson and Nicholson, J., 1941, 766) indicates the 
effect to be a function of the two groups alone. The 2-chlorination of 4-acetamido-NN-di- 
methyl-3-nitroaniline (Part III) is analogous; it may be explained by assuming that resonance 
structures (I) and (II) are compounded with (III) (de la Mare, J., 1949, 2874). Such interaction 
of the nitro-group with the ring necessitates movement of the oxygen atoms into the plane of the 
ring (Pauling, ‘‘ The Nature of the Chemical Bond,” Cornell, 1945); these carry fractional 
negative charges relayed indirectly from the dimethylamino-group and in the case of diazotised 
4-amino-NN-dimethyl-3-nitroaniline (IV) will set up an electrical and steric barrier to the 
approach of coupling reagents. An o-substituent in addition to inhibiting the direct influence 
of the dimethylamino-group on the p-position will largely restore the m-nitro-group to a state 
of free rotation. 

In the diazonium compounds of p-aminodimethylaniline and its derivatives salt formation 
at the dimethylamino-group should produce bivalent ions of high coupling activity comparable 
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with the p-nitrobenzenediazonium cation. The coupling of some of these compounds in strong 
acid under the conditions of Schoutissen (J. Amer. Chem. Soc., 1933, 55, 4541) was therefore 
examined. Evidence of reaction was obtained in each case. Comparison of the yields of 
azo-compound obtained after 24 hours showed that diazotised p-aminodimethylaniline (49%) 
reacted more slowly than p-nitroaniline (100%); the value of this comparison is reduced by 
uncertainty in regard to the degree of salt-formation of the NMe, group in the medium. 
Substituents in diazotised p-aminodimethylaniline exert a complex effect on this reaction 
since they modify both the basicity of the NMe, group and the extent of withdrawal of electrons 
from the diazo-group. Yields obtained were as follows: m-nitro, 7%; m-chloro, 46%; 
2-chloro-3-nitro, 100%; 2: 5-dinitro, 49%. The non-coupling diazo-compound in these 
reactions appeared to remain unchanged; no evolution of nitrogen was apparent. 


EXPERIMENTAL. 


Coupling in Weak Acid.—The azo-coupling experiments were carried out as far as possible by a 
standardised procedure essentially similar to that described (Part I, p. 619) for the reaction of diazotised 
p-aminodimethylaniline with amines (8-naphthol couples satisfactorily under these conditions). The 
diazo-solutions were normally prepared from 0-5 g. of the base in a mixture of hydrochloric acid (1 c.c. ; 
d 1-2) and water (10 c.c.), except that for 4-amino-N N-dimethyl]-3-nitroaniline a er amount (2 c.c.) of 
acid served to prevent the separation of a trace of dark amorphous material in the diazotisation. In 
coupling experiments with dimethylaniline, and a- and 8-naphthylamine, the base (1 molar i permene was 
dissolved in hydrochloric acid (1 c.c.) and water, the diazo-solution was added, and excess of mineral acid 
neutralised with aqueous sodium acetate solution. $-Naphthol, naphthionic acid, and anthranilic acid 
were dissolved in the form of sodium salts and the requisite amount of aqueous sodium acetate was 
added to the solutions before the addition of the diazo-compound. The coupling experiments were set 
aside for periods ranging from 2 days for rapidly coupling compounds to 5 days for the more sluggish. 

The method of isolation of the azo-compound depended to some extent on the coupling components. 
Care was taken to eliminate any unchanged amine or phenol from the dye by suitable adjustment of 
pH. Wherever necessary the azo-compound was dissolved in concentrated hydrochloric or sulphuric acid, 
and the solution filtered; reprecipitation could then be brought about at a pH value sufficiently low to 
ensure that — amines, including the products of reductive elimination of the diazo-group, remained 
in solution. purified azo-compound was dried to constant weight in vacuo over sulphuric 
acid. Most of the coupling experiments were repeated at least once to ensure that the yields were 
reasonably reproducible; the theoretical conclusions are however drawn from the general effect of five 
or six different coupling reactions for each diazo-compound, rather than from individual yields, and it 
is possible that by careful attention to the conditions the yield from any given coupling-reaction might 
be increased. Although reprecipitation improved the products of the more sluggish couplings, yet 
owing to some contamination by tarry products these were less pure than the dyes obtained in high yield. 

The yields of deamination product recorded in the Table were obtained by procedures similar to 
those described in Part IV, involving steam-distillation of the reaction mixture. In the case of the 
coupling of diazotised 4-amino-3-chlorodimethylaniline with dimethylaniline the steam-distillate there- 
fore contained a mixture of dimethylaniline and m-chlorodimethylaniline. This was extracted with 
ether and the dried (Na,SO,) extract evaporated. The weighed oil was then fractionally precipitated 
from ethanol with picric acid. Dimethylaniline picrate, m. p. 163—164°, came out first and was thus 
partly removed. Later crops were mixtures and subsequently the pure m-chlorodimethylaniline picrate, 
m. p. 145° (cf. Fieser and Thompson, /. Amer. Chem. Soc., 1939, 61, 383), appeared. By recovery of the 
base from mixtures and further treatment with picric acid, a yield of 40% of the pure picrate was 
obtained; this figure is of course a minimum value for the reaction owing to experimental losses. In 
the distillation flask remained a hard, brittle resin amounting to 45% of the original base diazotised ; 
this was probably a mixture of two azo-compounds derived from dimethylaniline and m-chlorodimethyl- 
aniline respectively, together with products of free radical reactions. 

Coupling in Concentrated Acid.—The base (0-002 mol.) was dissolved in concentrated sulphuric acid 
(1-5 c.c.) at 0° and mixed with a solution of sodium nitrite (0-145 g.) in sulphuric acid (1-5 c.c.). 
Phosphoric acid (6 c.c.; d 1-7) was added below 0°. After 30 minutes powdered urea (0-2 g.) was added. 
After a further 30 minutes a solution of £-naphthol (1 g., excess) in glacial acetic acid (3 c.c.) was 
introduced and the mixture vigorously shaken. A gradually increasing red colour was apparent, its 
intensity being least with 4-amino-N N-dimethyl-3-nitroaniline. After 24 hours at room temperature 
the mixture was poured into water; the prog solid was filtered off and washed with water. It was 
then set aside overnight with excess of 5% aqueous sodium hydroxide and filtered again. The azo- 
compounds obtained corresponded in their properties to those produced in the weak acid coupling. 
Diazotised 4-amino-2-chlorodimethylaniline ap to couple rapidly but the yield was not recorded 
owing to the difficulty of filtering the semi-solid mixture of azo-compound with excess of 8-naphthol 
obtained on pouring of the solution into water. 
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371. Organic Fluorides. Part VIII.* The Ulira-violet Absorption 
Spectra of Some Aromatic Compounds containing Fluorine. 
By F. Situ and Litian M. Turton. 


Measurements of the absorption of ultra-violet light by derivatives of 
fluorobenzene and benzotrifluoride are recorded. Some attempt is made to 
correlate the spectra with the chemical properties of the compounds 
concerned. 


ALTHOUGH this series of papers is mainly concerned with fluorocarbons, it was thought that 
spectrophotometric examination of nuclear and side-chain fluorinated substances might help 
in devising new fluorination techniques, in interpreting results obtained by the methods already 
in use, and in explaining the chemical behaviour of organic compounds containing fluorine. 
Moreover, information regarding electronic movements obtained by ultra-violet spectrophoto- 
metric measurements may be extended to molecules which do not absorb in that region. 

Comparatively few studies of ultra-violet light absorption by fluorobenzene derivatives, 
other than monofluorobenzene itself, have been reported. Conrad-Billroth (Z. physikal. Chem., 
1935, 88, B, 311) discussed the theoretical significance of ultra-violet light absorption of some 
fluoro-halogeno-benzenes and -toluenes, as did Forster and Wagner (ibid., 1937, 35, B, 343) who 
examined also p-fluoroaniline and p-fluoronitrobenzene. A brief mention of the effect of side- 
chain fluorination on light absorption has been made by Ingold (J., 1928, 2249). More recently, 
attention has been directed by Miller and Thompson to the peculiar light-absorption properties 
of aromatic fluoro-compounds (J. Chem. Physics, 1949, 17, 845). 

Fluorine is not in itself chromophoric, for simple aliphatic fluorocarbons, such as fully 
fluorinated paraffins and cycloalkanes, do not absorb ultra-violet light selectively. Its effect 
on the spectra of substances into which it is introduced might thus be expected to be small, and 
similar to that of the other halogens, unless special influences are operative. Ingold (loc. cit. ; 
J., 1938, 927) has established by nitration studies that for both the inductive effect and the 
electromeric effect, halogens act in the order F > Cl > Br > I (cf. also Baddeley e# al., J., 1935, 
1827). The electromeric effect must be dominant in halogenobenzenes, for nuclear halogen is 
ortho—para-directing. As a general rule, monosubstitution in the benzene ring shifts the position 
of maximum absorption towards red, increases its intensity, and smoothes out subsidiary 
vibrational maxima within the bands (Morton and McGookin, J., 1934, 901; Morton, “‘ Practical 
Aspects of Absorption Spectrophotometry,” R. Inst. Chem., 1938). The introduction of groups 
such as methyl or chlorine causes only small variations; other substituents such as amino or 
methoxy! produce approximately ten-fold increases in intensity and band displacements of the 
order of 100 a. The electronic transitions responsible for the bands are thought to be the same 
in substituted as in unsubstituted benzene, but the presence of the substituent alters the 
probability of the transition occurring and slightly modifies the energy it requires. The 
influence of substituents which cause marked changes in the spectrum (auxochromes) is believed 
to be connected with their ability to become conjugated with the absorbing system, thus 
multiplying the number of canonical structures which contribute to the ground state of the 
molecule and lowering the difference in energy between the ground state and the excited state, 


e.g., R-NH, —> R=NH,. As Table I shows, substitution of fluorine in the benzene nucleus 
markedly increases the intensity of absorption, more nearly resembling methoxyl and amino- 
groups than chlorine. These findings are in agreement with the series of inequalities (quoted 
above) that Ingold obtained by chemical experiments and also with 
° <>=F ® Pauling’s postulate (‘‘ The Nature of the Chemical Bond,”’ Cornell Univ. 
= Press, 2nd edn., 1945, pp. 153, 235, 350) that structure (I) as a canonical 
(I.) form for fluorobenzene has at least twice the probability of the analogous 
form in chlorobenzene. This may well have an important bearing on the 

differences between chlorination and fluorination. 
Table II and Fig. 1 present a comparison of some nitro- and amino-toluene derivatives with 
corresponding monofluoro-compounds. It will be seen that introduction of fluorine at position 2 


* Part VII, J., 1951, 609. 
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in 4-nitrotoluene lowers both the wave-length and the intensity of maximum absorption, while a 
similar substitution in 4-aminotoluene causes little change. As data for 4-acetamido-5-nitro- 
toluene are not available, values for 4-amino-5-nitrotoluene are included in Table II for 


Substance. ‘ , Solvent. 
NN se ois sip nny ieaeakiiniwneiios Alcohol 
IID Eo chs din ohades veg abvnscecs Alcohol 
Hexane 
Fluorobenzene _ ......... 2.2.20 s0e cee eeeeee 2600 1500 Hexane 
Alcohol 
Alcohol 
Hexane 
o-Fluorotoluene Hexane 
o-Chiorotolueme ............cee see ceeceeeee 2650 Hexane 2 
(1) Morton and Stubbs, /., 1940, 1348. (2) Conrad-Billroth, Z. physikal. Chem., 1934, 25, B, 139. 
(3) Morton and McGookin, /oc. cit. 


* The p-halogenotoluenes have higher ¢ values, but the relative value is the same. 


comparison with those of 4-acetamido-2-fluoro-5-nitrotoluene. Since acetylation of an amino- 
compound usually smooths out the bands of higher wave-length into inflexions the introduction 
of fluorine at position 2 seems to cause slight lowering of intensity of absorption, together with 
considerable displacement of the 4175-a. band. 


Taste II. 


Compound. Principal Amax., A- €. Solvent. 
p-Nitrotoluene 2722 J ? 
p-Aminotolueme ............ 0.000 ceeeee 2357; 2905 10,300; 2000 ? 
4-Amino-5-nitrotoluene............. 2300; 2800; 4175 20,000; 6300; 5700 Alcohol 
m-Phenylenediamine .............---++ 2300; 2930 10,000; 3000 Alcohol 


2-Amino-4-nitrotoluene............... 3310} 2885 ; 3730 12,000; 4900; 1700 Alcohol 


p-Fluoronitrobenzene ... ...... ..... 2570 Hexane 

p-Fluoroaniline ..................... ~  2900—3000 Hexane 

p-Chloroaniline 2900—2970 Hexane 
p-Aminophenol ..............000sseee0 2870 ? 

P-Nitroaniline — .........s..cceceeceeees ; 10, Water 

3740 Alcohol 

Hexane 

p-Phenylenediamine Alcohol 
Nitrobenzene ? 

p-Chloronitrobenzene.................. Alcohol 

650 , Hexane 

p-Nitrophenol ; Alcohol 

2250; 2900 ; 8000 Hexane 


(1) Morton and McGookin, loc. cit. (2) Forster and Wagner, loc. cit. (3) Dede and Rosenberg, 
Ber., 1934, 67, 147. 


* Ref. 1, Table I, misquotes the result given in Ref. 1 as 3015; 2700. The above figures have 
been calculated from the experimental curve. 


ee ee ee eee 


The sole difference between 4-amino-2-fluorotoluene and 2-fluoro-4-nitrotoluene lies in the 
fact that the nitro-group is an electron acceptor and the amino-group an electron donor. The 
close resemblance between the spectra of aniline and m-phenylenediamine on the one hand, and 
p-amino- and 4-amino-2-fluoro-toluene on the other, provides some support for the conclusion 
that fluorine is behaving as a donor group, causing little change in the energy of the transition 
and a relatively small increase in its probability (intensity) when introduced into a benzene ring 
which already contains a donor group. Forster and Wagner’s results (loc. cit.) for p-fluoro- 
aniline, when compared with other para-derivatives of aniline (see Table II), also agree with the 
conclusion that nuclear fluorine acts strongly by the electromeric effect (cf. Sponer and Lowe, 
J. Opt. Soc. Amer., 1949, 39, 840; Roberts, Webb, and McElhill, ]. Amer. Chem. Soc., 1950. 72, 
408). 
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Since the nitro-group is itself a chromophore it is not easy to decide which bands of 
nitrobenzene derivatives should be assigned to electronic transitions associated with the ring 
and which to those of the nitro-group. Moreover, solvent has a marked effect upon the 
absorption of these compounds. If the low-wave-length bands of p-nitrophenol and p-nitro- 
aniline are comparable with the 2570-a. band of nitrobenzene, fluorine substituted in position 4 
in nitrobenzene is tending to behave similarly to hydroxyl and amino-substituents. The 
difference between p-fluoro- and p-chloro-nitrobenzene is rather striking, but on the other hand 


Fie. 1. 














Amax.+A. 
1. 2-Fluoro-4-nitrotoluene (in cyclohexane). 
2. 4-Amino-2-fluorotoluene (in ethanol). 
3. 5-Fluoro-2-nitroacetanilide (in ethanol). 


Fic. 2. 























i 





2 
2500 0003590" 
Amax..A- 


Axzobenzotrifiuoride (in ethanol). 1. 5-Amino-2-nitrobenzotrifluoride (in ethan). 
2. m-Nitrobenzotrifluoride (in ethanol). 
3. m-Aminobenzotrifluoride (in ethanol). 


there is little resemblance between the spectra of 2-amino- and 2-fluoro-4-nitrotoluene ; for these 
the differences may be connected in part with solvent effects. It is of interest, however, that 
Conrad-Billroth (loc. cit.) and Forster and Wagner (loc. cit.) were unable to ascribe a generally 
applicable ‘‘ vector length ” (Q value) to fluorine, as fluoro-compounds displayed inexplicable 
deviations from theoretical expectations. 

The CF, group was observed by Swarts (loc. cit.) to have a hypsochromic effect on a dye, 
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increasing the intensity of the absorption and the definition of diffuse absorption bands. 
Comparison of the spectrum of azobenzotrifluoride (Fig. 2) with that of azobenzene (Table 
III) shows an effect of this kind in the ultra-violet region: the weaker band (4450 a.) is 
completely absent in the fluorine-containing derivative. The spectra of trichloromethyl- and 
trifluoromethyl-benzenes without other substituents will be dealt with in a later communication. 

Table III contains data for some nitro-, amino- and aminonitro-toluenes for comparison 
with Figs. 3 and 4, 5-Amino-2-nitrotoluene and 5-amino-2-nitrobenzotrifluoride have 
intensities of the same order, but fluorination has caused the 3735-a. band to be displaced 
100 a. towards blue. m-Nitrobenzotrifluoride shows a similar lowering of wave-length compared 
with m-nitrotoluene. A small change in the opposite direction for the higher-wave-length band 
has occurred on passing from m-aminotoluene to m-aminobenzotrifluoride while the band of 
lower wave-length displayed by the latter is either absent or shifted below 2300 a. The ultra- 
violet light-absorption curve of 3-acetamido-4-fluorobenzotrifluoride is almost identical with 
that of the corresponding acetamidotoluene; 2-acetamido-5-fluorobenzotrifluoride, however, 
does not show selective absorption at the wave-length where o-acetamidotoluene absorbs. 


Fic. 4. Fic. 5. 























Amax.. 4. max.’ 
1. 3-Acetamido-4-fluorobenzotri fluoride 1. 5-Methoxy-2-nitrobenzotri fluoride 
(in ethanol). (in cyclohexane). 
2. 2-Acetamido-5-fluorobenzotrifluoride 2. 4-Methoxy-3-nitrobenzotrifiuoride 
(in ethanol). (in ethanol). 


Some comparison of the influence of CF, and CH, on the benzene ring may be made by 
considering the effect of their introduction on the spectra of nitrobenzene and aniline. 
Substitution by a methyl group at position 3 in nitrobenzene slightly lowers the energy of the 
transition responsible for the 2570-a. band and causes a small increase in its intensity. 
Substitution by CF;, however, causes a small increase in the energy required, with some decrease 
in intensity. The band resembles that of m-chloronitrobenzene (Table III). The higher- 
wave-length bands of aniline and m-aminotoluene are closely similar; that of m-aminobenzo- 
trifluoride is of slightly higher intensity and greater wave-length, and is not unlike that of 
m-chloroaniline. Thus a trifluoromethyl group at position 3 appears to exert much the same 
influence as a chloro-substituent, in accord with the view that the properties of CF, cannot be 

explained solely in terms of an inductive effect (cf. Miller and Thompson, 

loc. cit.; Sponer and Lowe, loc. cit.), The suggestion of the importance of 

wet ¢ 5 canonical forms such as (II) to account for the chemical properties of 

@: benzotrifluoride may also explain the spectra. Hamner and Matsen’s 

0“ (II.) work (J. Amer. Chem. Soc., 1948, 70, 2432) on side-chain-chlorinated 

os derivatives of benzene is of interest in this connection, although for fluoro- 

compounds their explanation would not be entirely satisfactory. The differences between 
CCl, and CF, will be discussed fully in a subsequent communication. 

5-Methoxy-2-nitro- and 4-methoxy-3-nitro-benzotrifluoride (Fig. 5) bear a relation to each 
other analogous to that existing between 5-amino-2-nitro- and 4-amino-3-nitro-toluene 
(Table III), which is not unexpected since both amino and methoxyl are donor groups. For 
each pair of isomers the difference in position and intensity of the high-wave-length bands is in 
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the same direction. Comparison of 5-methoxy-2-nitro- with 5-amino-2-nitro-benzotrifluoride 
(Fig. 3) is complicated by the presence in the latter of the strong band at 3630 a.; if the inflexion 
at 3000 a. (¢ 3500) is assumed to correspond to the peaks in the fluoro- and methoxy-compounds, 
then there is a progressive shift towards red when a donor group is substituted at position 5 in 
o-nitrobenzotrifluoride, the order of influence being NH, > OMe > F. 


TaBLe III. 


Substance. ‘ ¢. 
Azobenzene ..... baaceschies ‘ 23,000; 800 
5-Amino-2- nitrotoluene agin eens a 7 13,000; 7400 
m-Nitrotoluene  ..........06 00+ cee cesses 63 12,000 
m-Aminotoluene — ......... 6.6 ...0000e: . 11,500; 1950 
m-Acetamidotoluene ................+. 2420 15,000 
o-Acetamidotoluene .................. 19,500 
m-Chloronitrobenzene ................. 7150 
m-Chlioroaniline .... A EE An 2910 . 2690 
4-Amino-3-nitrotoluene | crecseceeeee 2300; 2800; 4175 20,000; 6300; 5750 

(1) Morton, loc, cit. (2) Morton and McGookin, Joc. cit. (3) Forster and Wagner, loc. cit. 


3] 


bo We bo bo te tO te to 2 


The spectra plotted in Fig. 5 may also be considered in relation to Schiemann’s observation 
(Ber., 1929, 52, 1794) that, when a fluorine atom is situated para-(or to a lesser degree ortho-) to a 
nitro-group in the benzene nucleus, the replacement of F by OMe or OH is easily effected with 
weak alcoholic alkali (cf. Jones, J. Amer. Chem. Soc., 1947, 69, 2346). While the curves of 
2: 5-difluoro- and 5-methoxy-2-nitrobenzotrifluoride have similar absorption maxima, the 
peak for 5-fluoro-2-nitrobenzotrifluoride is at a much shorter wave-length. The fact that 
fluorine can be replaced by methoxyl must mean that the latter can better satisfy the demand of 
the nitro-group for electrons from positions para- or ortho- to it in the ring. Further, Gottlieb 
(J. Amer. Chem. Soc., 1936, 58, 532) found that chlorine is readily replaced by fluorine in 
1-chloro-2 : 4-dinitrobenzene on treatment with potassium fluoride. From these data, the 
relative order OMe > F > Cl for the electromeric effect can be deduced, in agreement with 
Ingold’s conclusions and those indicated by the spectra herein presented. 


EXPERIMENTAL. 


The absorption measurements were made with a small Hilger ae ge spectrograph (No. E370) in 
conjunction with a Spekker meng nae op and a tungsten-steel s source of ultra-violet light. In 
most cases Ilford “* backed ” Zenith plates were used. For fends below 2300 a. Ilford Type Q IIT 
Special plates or Schumann plates, often in conjunction with aluminum electrodes, were found more 
satisfactory. The plates were read by eye with the aid of a low-power lens. 

The compounds studied were purified by the normal procedures. For the spectrographic work the 
ethyl alcoho! was distilled over sodium. cycloHexane was purified by several treatments with oleum, 
each followed by washing and distillation until the substance showed = absorption. Molecular 
extinction coefficients (e) were calculated from the equation e/c = M log I,/I where M = molecular 
a ht, c = concentration (g./l.),/ = length of tube (cm.), and log J, /J (optical density) = drum reading 

e Spekker photometer. 


The authors thank Imperial Chemical Industries Limited for gifts of material, the late 
Sir Norman Haworth, F.R.S., and Professor M. Stacey, F.R.S., for their interest, and the Director 
General of Scientific Research for permission to publish this work. 
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372. Synthetic Analgesics and Related Compounds. Part II.* Some 
Derivatives of 3: 7-Diazabicyclo[3 : 3: 1]nonane (Bispidine). 
By Zu-Yoonc Kyi and WALTER WILSON. 


Mannich condensations between phenyl-substituted acetones, form- 
aldehyde, and ammonia or primary amines did not afford monocyclic 
y-Piperidones. 1: 3-Diphenylacetone yielded highly crystalline bispidines 
(IV), whose reactions have been studied. The bispidines were mild local 
anesthetics, but had negligible analgesic or other physiological activities. 


CONDENSATION of phenyl-substituted acetones with primary amines (or ammonia) and 
formaldehyde appeared to be a possible method for making the y-piperidones (I and III), having 
some features of the potent analgesic drug amidone (II). Such reactions with phenylacetone 
or 1 : 1-diphenylacetone afforded oily mixtures of bases from which pure compounds were not 
isolated. However, 1 : 3-diphenylacetone readily gave highly crystalline products, at first 
believed to be y-piperidones (III; R = Ph), but later proved to be bicyclic compounds (IV; 
R = Ph) of the 3 : 7-diazabicyclo[3 : 3 : 1)nonane (bispidine) series. 


co 
Poste” Sgr 
O-CH,’CH, H ae H, 
R’ 
(II.) (III.) 


h 
* \CH,-CHMe-NMe, 


J 9) 
Ph-CH-CO-CH:-Ph 
(IV.) (V.) (VI.) 


Few bispidines have been described hitherto; the di-imide of propane-1] : 1 : 3: 3-tetra- 
carboxylic acid may be regarded as a tetraketobispidine (Guthzeit and Jahn, J. pr. Chem., 
1902, [ii], 66, 5) and several 1 : 5-dicarbalkoxybispidines have been made by Mannich 
condensations from acetone-] : 3-dicarboxylic esters (Mannich and Mohs, Ber., 1930, 68, 608; 
Mannich and Veit, ibid., 1935, 68, 506; Ugryumov, Compt. rend. Acad. Sci., U.S.S.R., 1940, 
29, 48; Chem. Abs., 1941, 35, 3644). 

The bispidines obtained by us were 9-keto-compounds, which, like those described by 
Mannich and his co-workers (loc. cit.), did not react with common carbonyl reagents. Ugryumov 
(loc. cit.) converted dimethyl 9-keto-3 : 6 : 7 : 8-tetramethylbispidine-1 : 5-dicarboxylate into 
a monocyclic y-piperidone by acid hydrolysis. The bispidines described herein were stable to 
hot dilute acids, and only very slightly decomposed by hot dilute alkalis. Monohydrochlorides 
were usually obtained; dihydrochlorides were occasionally formed but were less stable. One 
bispidine (IV; R = Ph, R’ = H) afforded both a mono- and a di-benzenesulphony] derivative, 
confirming the structure of this compound. 

Bispidines were again the sole products when the reaction conditions were modified in the 
hope of isolating y-piperidones (III; R= Ph), which are possibly formed intermediately 
(cf. Ugryumov, loc. cit.). 2: 5-Diphenylcyclopentane-1 : 3: 4-trione (V) (Claisen and Ewan, 
Annalen, 1895, 284, 250) did not react with formaldehyde and primary amines, possibly because 
of its strongly acidic nature; the expected product (VI) would probably have been 
hydrolysed readily by alkalis to y-piperidones (III; R= Ph). Attempts to prepare 
bispidines or y-piperidones from ethyl 3-phenylacetone-l-carboxylate (ethyl -y-phenylaceto- 


* Part I, J., 1950, 2173. 
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acetate) (Libermann, Himbert, Hengl, and Kirchhoffer, Compt. rend., 1949, 229, 765), or by 
using acetaldehyde instead of formaldehyde in the original condensations afforded mixtures of 


oily bases. Benzaldehyde gave high yields of non-nitrogenous compounds (cf. Noller and 
Baliah, J. Amer. Chem. Soc., 1948, 70, 3853). 


The bispidines described herein have been examined pharmacologically, and full details will 


be published elsewhere. The only significant activity was in producing local anesthesia ; 
the most potent compound (IV; R = Ph, R’ = Me) was about 1°3 times as active as 
on comparison by Bilbring and Wajda’s method (J. Pharmacol. Exper. Therap., 1945, 85, 78). 


EXPERIMENTAL. 


Reaction of 1 : 1-Diphenylacetone.—A mixture of the ketone (10-5 g.) (m. P 61—62°; Ruggli, Dahn, 
and Wegmann, Helv. Chim. Acta, 1946, 29, 118), methylammonium acetate (4-6 g.), paraformaldehyde 
(4-5 g.), and absolute ethanol (30 c.c.) was refluxed for 6 hours. Unchanged 1: phenylacetone 
en See ae ee ne ae Se eee The base did not crystallise and did not afford 


9-Keto-1 : ee roi 2 mae me (IV; R = Ph, R’ = H).—1 : 3-Diphenylacetone (10-5 ome ammonium 
acetate (7-7 g.), paraformaldehyde (6-6 g. P and absolute ethanol (30 c.c.) were refluxed f Ba 
solid which separated was recrystallised from trichloroethylene, affording 9-keto-1 : 5-diphen Ibis 

(59 g., 40%) a8 mt cubes, m. p. 256—257° (Found: C, 78-6; H, 6-7; N, 9-6. C, _ 
requires C, 78-1; H, 6-85; N, 9-6%). 7 was soluble in oo or trichloroethylene, but 
inootable } in ethanol or acetone, and did not react with phen eb or tiene, ba la "The 
monohydrochloride crystallised from acetone-ethanol (1:2) in on . 261—252° (Found: Cl, 
10-4, °C, .H,,ON 2Cl requires Cl, 10-8%). Use of 21 g. & 1: S-dighonyinwstons i in the above condensation 
gave the same bispidine (4-7 g.) and no y-piperidone or other products. 


Attempted methylation. The bispidine (15 g.), paraformaldehyde (3 g.), and 85% formic acid (15 oa) 
were heated at 110—120° for 2 hours. Treatment with alcoholic hydrogen le gave the A 
chloride (15 g.), m. p. 272—274° (Found: C, 67-8; H, 6-5; N, 6-3%), of an unidentified water-sol able 
base, which was not the 3 : 7-dimethyl compound (see below). The appropriate acid chlorides in ine 
afforded crystalline benzenesulphonyl (m. p. 239—240°) and toluene-p-sulphonyl (m. p. 261°) 
derivatives. 


Benzenesulphonyl derivatives. The base (2-9 g.) was dissolved in — (5 c.c.) and chloroform 
(40 c.c.), and benzenesulphony] chloride (1-7 g., 1 mol.) added. After 16 hours, the mixture was washed 


with water and the chloroform evaporated. Crystallisation from acetone gave the 3-benzenesulphonyl 


—_ und (1-0 g.), m. p. 218—219° (Found: C, 69-4; H, 5-0. C,,H,,O,N,S requires C, 69-4; 
os ). Treated again with excess of benzenesulphony! chloride by the same method this gave the 
ibenzenes ok compound, crystallising from acetone as colourless cubes, m. p. 261° 
(Found: C, 64- 5-3. C,,H,,0,N,S, requires C, 65-0; H, 49%). The same compound was 
obtained in one stage from the original bispidine when excess of benzenesulphony] chloride was used. 


3 : 7-Diacetyl-9-keto-1 : 5-diphenylbispidine (IV; R= Ph, R’ = CO-CH,).—9-Keto-1 : 5-diphenyl- 
bispidine (2 g.) was dissolved in chloroform (25 c.c.) and pyridine (8 c.c.), and acetic anhydride (6 c.c.) 
added. After 16 hours, the mixture was washed with water and the chloroform evaporated. The 
residue was crystallised from acetone-ethanol (1: 1), CoH listening flakes, m. E 235— 236°, 
the 3: 7-diacetyl com und (Found: C, 73-2; H, 6 ON, requires C, 73-4; 6-4%). Over 
70% of the compound was recovered unc hanged after bein sf or 3 hours with concentrated hydro- 
chloric acid (1 part) and ethanol (4 parts). 


9-Keto-3 : 7-dimethyl-1 : atte) es rss team (IV; R = Ph, R’ = Me).—1 : 3-Diphenylacetone (21 g.), 
methylammonium acetate (18- “* § paraformaldehyde (15 g.) were dissolved in ethanol (60 c.c.) 
and boiled for 4 hours. Ethanol .t distilled off, and unchanged ketone removed, leaving the 3 : 7- 
tore compound (19-4 g. 61%), which crystallised from ethanol as colourless needles, m. p. 150— 
151° (Found: C, 78-9; 7-7. Cy,H ON, requires C, 78-75; H, 7°5%). The same  puodect was 
obtained in similar yale from the reactants in glacial acetic acid. e ree sam was recovered 
quantitatively after treatment with phen a aan Oe. benzenesulphony! chloride- 
pyridine, or hot concentrated alcoholic hy hloride. Boiling for 2 hours wi 10% aqueous- 
alcoholic potassium hydroxide gave emnoes of volatile amine, but 88% of unchanged b 

recovered. The dihyde ochloride was obtained from the components in e 1, and, rec: 
ethanol-ethyl acetate, had m. p. 201—202° (Found : Cl, 17-8. Cart sON Cl, requis requires 
dissolution of the dihydrochloride in water and cooling to 0°, the monohydrochloride (m. Be 
from ethanol-acetone) separated (Found: C, 644; H, 7-5; Cl, 89. C,,H,,ON,CI,2 
C, 64-2; H, 7-4; Cl, 9-0%). 


9-Keto-1 : 5-diphenyl-3 : 7-di-n-propylbispidine (IV; R= Ph, R’ = Pr*).—n-Propylammonium 
— ogek iment similar to the preceding 
(28 g., 62%), Fam. ie vy 4 
ac 4 9; » 
whi tito? {C1,2H,O quires C, 66-9; H, 8-25; Cl, 79%). The free bispidine had m. ry 10-8116" 
1) (Found : C, 79-5; H, 8-3. C,y,H,,ON, requires C, 79-8; H, 8-5%). 
3 : 7-Dibenzyl-9-keto-1 : 5-diphenylbispidine (IV; R= Ph, R’ = CH,Ph).—1 : 3-Diphenylacetone 


(21 g.), benzylamine (21-6 g Shel) which crpstalliced ), and ethanol (80 c.c.), after boi for 4 hours, 
gave the bispidine (31 g., 65%), which = acetone in cubes, m. p. 161—162° (Found : 
5s 


2O requires 
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C, 84-1; H, 6-5; N, 6-3. C,,H,,ON, requires C, 83-9; H, 6-8; N,5-95%). Similar yields were obtained 


with benzylammonium acetate (33- 6 g.) in place of benzylamine, or in boiling glacial acetic acid. The 
momohydrochloride, a from acetone-ethanol, had m. p. 233—-234° (Found: N, 5-5; Cl, 7-2. 
C,sH,,ON,CI requires N, 5-5; Cl, 7:0%). 


3 : 7-Di-2’-hydroxyethyl-9-keto-1 : 5-dip rot at msaasod (IV; R = Ph, R’ = CH,°CH,°OH).—A mixture 
of 1 : 3-diphenylacetone (21 g.), 2-hydroxyethylammonium acetate (24- -2 g.), paraformaldehyde (15 g.), 
and ethanol (80 c.c.) was refluxed for 5 hours and excess of water then added. Unchanged ketone was 
removed by extraction with ether. The aqueous solution was made strongly alkaline and extracted 
with chloroform, yielding the bispidine (19 g., 50%), m. p. 176—177° (from acetone) (Found: C, 72-7; 
H, 7-1. cated N 2 Tequires C, 72-6; H, 7- 4%). The monohydrochloride was re rrry from 80% 
ethanol had 204— 205° (Found : C, 640; H, 7-3; Cl, 8-3. CrsH 0, 2Cl,H,O requires C, 
63-5; H, 7-2; Cl, 82%). 

3 : 7-Di-2’-chloroethyl-9-keto-1 : 5-diphenylbispidine (IV; R = Ph, R’ = CH,°CH,Cl).—The above 
diol (7-8 g.) was boiled for 1 hour with thionyl chloride (10 c. c.) in chloroform (50 c.c.). After removal of 
volatile re oT the residue was crystallised from ethanol—water (1: 2), ge the monohydro- 
chloride (7 80%), m. p. 195—196° (decomp.) (Found: Cl-, 7-7. C,,H,,ON requires Cl-, 7-8%). 
The nydvochisride was suspended in cold water, — sodium hydroxide ‘added, ye the free bispi ine 
isolated by extraction with chloroform; the base m. p. 154—155° (from ethanol-acetone) (Found : 
C, 65-5; H, 6-1. C,,H,.ON,Cl, requires C, 66-2; H, 6- 2%) ; ; it was soluble in acetone or chloroform, but 
only slightly soluble i in ethanol. 

Reaction of Benzaldehyde with | : 3-Diphenylacetone.—The ketone (10-5 g.), methylamine (3-2 g.), 
benzaldehyde (21-2 g.), and glacial acetic acid (30 c.c.), boiled for 30 minutes, afforded only 1 : 3: 4- 
triphenylbut-3-en-l-one (14 g., 93%), m. p. 16) 162" (Goldschmiedt and Spitzauer, Monatsh., 1903, 
24, 725, give m. p. 163°). A similar experiment with phenylacetone ~ “4 g. Y replacing 1: 3-diphen 1- 
acetone afforded an unidentified nitrogen-free ketone, crystallising from ethanol in yellow need 
(7-8 g.), m. p. L14—115° (Found: C, 82-6; H, 5-2%), which was not identical with any of the several 
compounds previously reported from the reaction of bi benzaldehyde with ghenglnastens | (Goldschmiedt 
et al., Monatsh., 1897, 18, 437; 1898, 19, 406; 1901, 22, 659). The same compound was obtained in 
boiling ethanol, or by using benzylamine instead of methylamine. 


The biological tests were kindly carried out by Dr. P. B. Marshall and Miss R. E. Weston, of the 
Department of Pharmacology at this University. The authors are also indebted to Professor 
M. Stacey, F.R.S., for encouragement and for facilities, and one of them (Z.-Y. K.) to the Sino-British 
Educational and Cultural Endowment Fund Trustees for a scholarship. 
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373. The System Oxalic Acid—Sodium Hydroxide-Water. 
By Wittram H. H. Norris. 


The isotherms at 0°, 30°, 40°, and 50° are given for the system oxalic 
acid-sodium hydroxide—water, together with the cryohydric and boiling- 
point curves, solubility data for the acid and normal sodium oxalates, and a 
projection of the solid figure covering the fields in which compounds are 
capable of existence in equilibrium with saturated solutions of the two 
components. Oxalic acid and sodium hydrogen oxalate rapidly lose their 
water of crystallization at temperatures above 90° and 105°, respectively. 
Unlike potassium hydroxide, sodium hydroxide forms no other intermediate 
compounds with this acid radical. 


Previous work on this system has been carried out at 25° by Foote and Andrews 
(Amer. Chem. J., 1905, 34, 153, 165), and at 0°, 25°, 60°, and 80° by Hill, Goulden, and Hatton 
(J., 1946, 78), but data were only recorded by them up to the ordinate of normal sodium oxalate. 
The results now obtained agree well with those of the above authors at 0° and to a certain 
extent for the other isotherms, but the greater detail now obtained indicates considerable 
divergence from the approximated portions of their partial isotherms. 

Data for the oxalic acid ordinate confirmed the figures of Alluard (Compt. rend., 1864, 59, 
500), Koppel and Cahn (Z. anorg. Chem., 1908, 60, 110), Lamouroux (Compt. rend., 1899, 128, 
998), and Fléttmann (Z. anal. Chem., 1928, 78, 32). Data for the solubility of sodium hydrogen 
oxalate have not been previously determined, but their values can be deduced from the 
isotherms, shown in Table I, and for 25° from that by Foote and Andrews. Work by Hill et al. 
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was not carried out in sufficient detail to afford reliable results by this method. The solubility 
of the normal sodium oxalate has been determined (Table IV), and confirmed Fléttmann’s 
values at 15°, 20°, and 25°. It formed the limit of the isotherms of the other workers on this 
system. It was thought desirable to supplement the work of other authors by mapping the 
system over the complete concentration range from oxalic acid to sodium hydroxide, and over 
the whole temperature range from —28° to 322°, with suitable isotherms in between. Thus 
the equilibrium conditions for all component mixtures could be obtained by interpolation. 

The isotherms of 0°, 30°, 40°, and 50° (Figs. 4, 5, 6, and 7) showed a striking similarity of 
form, and exhibited the following unexpected features, best seen on the 50° isotherm in Fig. 1. 
(1) Upon addition of small quantities of sodium hydrogen oxalate, there was an increase in the 
solubility of H,C,O,,2H,O from A until the first double point B was reached, corresponding to 
oxalic acid and sodium hydrogen oxalate in equilibrium, instead of the decrease usually observed 
when one salt is added to the saturated solution of another. (2) There was a rapid decline in 
the solubility of the acid oxalate on addition of minute quantities of the normal oxalate. 
(3) Then a rapid rise in solubility of the acid salt was shown until the double point C was 


Fic. 1. 
50° Isotherm showing “ position lines "’ of NaHC,O,,H,O and Na,C,0,. 
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obtained, corresponding to the acid and the normal oxalates in equilibrium. (4) A rapid fall 
followed on slight additions of sodium hydroxide, until the increase of the latter practically 
eliminated the oxalate radical from solution. (5) Finally, a non-variant point D (see Figs. 2 
and 6) was reached, with both sodium oxalate and sodium hydroxide as solid phases. The 
solubility at this point was almost indistinguishable from that of sodium hydroxide, E. 

It has thus been found that the region of unsaturated solutions exhibited considerable 
expansion throughout the system with rise in temperature, owing not only to the presence of 
hydrated oxalic acid, the acid and normal oxalates, but in particular to that of sodium hydroxide. 
It will be noted from Fig. 2 that the quantity of sodium hydroxide was insufficient to dehydrate 
the oxalic acid up to 50°. 

Solubilities of H,C,O,,2H,O and Na,C,O, were experimentally determined, and those of 
NaHC,0O,,H,O found graphically by intersection of the line representing the composition of 
NaHC,0,,H,O (OH) with the isothermal curve for each temperature at H, ¢.g., values for 50° 
(Fig. 1) are shown in Table IV. 

Proceeding from the above observations on rectangular isotherms, the interpolation of 
points between, and the extrapolation of points beyond, these isotherms were considered, and 
for this a solid figure was employed. Since the temperature range of the system extended 
between — 28° and 322°, this was plotted along a three-dimensional axis, on a scale proportional 
to log,9(¢° + 100°) to include the extreme values without unduly condensing the portion between 
0° and 50°. 
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Fig. 2 represents a 45° oblique projection of this model Its sides are formed by an infinite 
number of isotherms, the front end by the cryohydric area, and the rear by the boiling-point 
area. The following notation with suitable suffixes has been used on all isotherms and the 
solid figure (Fig. 2): A = Solubility of H,C,O,2H,O0; B = non-variant solubility point 
when H,C,0,,2H,O and NaHC,O,,H,0O are solid phases; C = non-variant solubility point when 
NaHC,0,,H,O and Na,C,0, are solid phases; D = non-variant solubility point when Na,C,O, 
and hydrates of Na,O are solid phases; E = solubility of NaOH. These letters without suffixes 


Fic. 3. 
Projection of the cryohydric curve on to the 0° isotherm. 


Fic. 4. 
0° Isotherm showing “‘ convergence points." 
C203 





H,0 > Na,O 


define the cryohydric curve, to the curve bounding the boiling-point area A,B, to E,. The 
hydrates of NaOH are shown by small Ietters 4, b—g, and their equilibrium points in presence 
of Na,C,0, by a,, b;—¢). 

The ternary cryohydric curve, ABCDEXA, limiting the ice field, was determined, 
commencing at X = 0°, where ordinates for the solid components are zero (Table II), 
for saturated solutions of representative mixtures containing both solid components. This 
was incorporated with binary saturation curves for the single components in water, oxalic 
acid XA, by Raoult (Z. physikal. Chem., 1882, 2, 489) and sodium hydroxide, XE, by Pickering 
(J., 1893, 68, 890), to form the boundaries of the cryohydric area. 

The ternary boiling-point curve SA,B,CyD,E,X,, for saturated solution in equilibrium with 
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Fic. 6. 
40° Isotherm showing “ convergence points.” 
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water vapour at 760 mm. pressure, was similarly determined, and incorporated with binary 
values of each component in water, by Gerlach (Z. anal. Chem., 1887, 26, 413) and by Antropoft 
and Sommer (Z. physikal. Chem., 1926, 128, 165) in the curves X,4, and X,E,, which are 
concealed in the perspective shown, to form the limits of the boiling-point area at the back of 
the solid figure. It will be noticed that the line Bf/,B, joining the cusps of the isotherms in 
equilibrium with oxalic acid and sodium hydrogen oxalate conceals the solubility curve of 
oxalic acid, AfA,, and the strip area A Bf, f associated with hydrated oxalic acid. The adjoining 
large area Bf,B,C,CB is in equilibrium with hydrated sodium hydrogen oxalate, and the largest 
concave area CC,D,DC is in equilibrium with the anhydrous normal oxalate. The solid figure 
is completed by a series of strips, forming “‘ cliff’ edges, each in equilibrium with the various 
hydrates of Na,O. The height of the “ cliff’ is shown by point D, on Figs. 2 and 6. 

When this figure is compared with that for the potassium compounds by Koppel and Cahn, 
it will be noted that there are no similar intermediate areas which would indicate compounds 
of the type Na,H,(C,0,), and NaH,(C,O,),,2H,O such as were found with the potassium 
compounds by the above authors. It is suggested that this work is sufficiently comprehensive 
to detect their presence if formed, and is conclusive proof that they do not exist. 


Fic, 7. 
Projection of the boiling-point curve on to the 100° isotherm. 


0. 
H,0 T.Na,0 20 


EXPERIMENTAL. 


The solubility —— were prepared by using materials of AnalaR qualit The thermostats were 
regulated to within +0- Starting from saturated solutions of oxalic ac , small known quantities 
of sodium oxalate were ndded and the new increased values for the solubility of oxalic acid were obtained. 


The identity of the solid phase was determined graphically joining lotted position of the 
-—_ ition of the —— solution with that of the moist solid ( ani as weight percentages 

20, and Na,O), sebeeud tn eaavemeee Sab ates saeme ieee on triangular paper 
Genetaooahenn, OY ays . Chem., 1892, 9, sig The co-ordinates of the convergence point represent 
very clearly the composition of the solid phase 


Experimental compositions of convergence points resenting the re phases are as follows : 
H,C,0,, 2H O (Found: C,0O,, - 4 HO. 42-8. » wh wid - 4; H,O 86%); NaHC,O ay 
(Found: €,0,, 55-6; Na,O, 21-1. Calc. : 55-29; Ni oO. 23-86; H,O, 20-7692 
Na,C,0, (Found: C,O,, 53-5; Nao, 4 Calc. : C,0,, ; Na,O, 46- 7%). 

From A to B convergence was upon H,C,0,,2H,O. From “ on further additions of normal oxalate, 
the composition of the solution remained the same whilst that of the moist solid varied progressively, 
until sufficient normal salt was added to convert all the original solid oxalic acid into sodium hydrogen 
oxalate. In Table I () (Fig. 4) determinations 2—6 indicated this continuous increase in Na,O content 
of the moist solid and that the divergence passes from the ordinates of H,C,O,,2H,O to those of 
NaHC,0,,H,0, while the composition of the saturated solution remains constant, and the average of 
these values is shown as a “‘ mean"’ at B. Continuing as above we arrive at C. Here also the moist 
are varies Dg centn in Na,O content while the composition of the saturated solution is taken as the 

the determinations. Experimental values isotherms (Table —_ oe and boiling- 
poiat e curves (Tables II and III), and also solubilities of oxalic acid, and the acid and normal sodium 
salt (Table IV) follow. 





Norris : 


TABLE I.* 
Moist solid, %. Solid i Moist solid, %. 
C,0,. Na,O. phase. . Na,O. C,0,. Na,O. 
(i) 0° Isotherm. 
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(ii) 30° Isotherm. 
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(3)37-1 
37-1 
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(iii) 40° Isotherm. 
(1)57-1 
49-0 0-38 
49-7 2-62 
40-5 8-14 
30-0 10-6 
33-5 13-4 
32-8 14-0 D 
(4)42-9 (4)32-1 
(44-8) (35-5) E 
(iv) 50° Isotherm. 
(1)57-1 — 
41-9 0-26 
48-2 0-16 
(3)53-7 
35-3 
28-1 


37-2 9-09 


42-6 15-8 
37-3 15-9 D . 21- (4)27-0 
36-5 15-8 (31-5) 
43-3 18-6 E on 45-9 me 
* Solid phases: A, H,C,O,2H,O; B, H,C,O,2H,O and NaHC,0,H,O; BC, NaHC,O0,H,O; 
C, NaHC,0,,H,O and Na,C,0,; CD, Na,C,0,; D, Na,C,O, and NaOH; E, NaOH. 


TaBLe II. 
Cryohydric curve. 
Solid Ice separ- Solution, %. Solid Icesepar- Solution, %. Solid Icesepar- Solution, %. 
C,0;. Na,O. C,0,. Na,O. phase. atesat: C,O,. Na,O. 
2-60 _— } 0-640 0-276 {=s20 1-44 1-23 
cD 





2-76 0-124 3 0-628 0-273 —420 0-285 4-27 
2-78 0-132 . 0-634 0-274 —800 0-189 7-04 
2-77 0-128 


The numbers in parentheses in these tables have the following significance: (1) Composition of 
H,C,0,,2H,O. (2) Composition of NaHC,0,,H,O. (3) Composition of Na,C,O,. (4) Analyses shown 
in pairs have a definite increase in Na,O content. 
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It was not thought necessary to continue the readings further as the curve tapered to an almost 
unmeasurable quantity of C,O, and followed the curve for sodium hydroxide and ice. 
bd a Curve of the System.—The b. p. of a saturated - ern of oxalic acid, as recorded 
a SPpe Cahn (loc. cit.), is 116°, where it contains 63% Os. The transition point of 
1C,0,,2H,O to H,C,O, was shown to be 98°, at /, in Fig. 2. Vales Tore eb p-s of saturated solutions 
ontaining varying amounts of C,O, and Na,O are shown in Table III. 


Taste III. 
Botling-point curve. 
Solid Solution, %. Solid Solution, %. 
phase. . p- C,Q,. ; phase. B. p. 2g0y. Na,O. 
A 63-0 100-4° , 5-70 
2 32-9 » CD 104-4 } 10-7 
BC 17-8 1. 17 


109-6 3 
10-5 


It was not to continue the determinations past point 8, as the curve tapered to an 
almost unmeasura! ae of C,O, and followed the curve for the boi points of unsaturated solutions 
of sodium hydroxide. 


TaBLe IV. 
Solubilities of single substances. 
(G. of anhydrous substance per 100 g. of solution.) 
Solid phase in equilibrium. Solid phase in equilibrium. 
Temp. H,C,0.2H,0. NaHC,0, H,0. Na,C,0,. Temp. H,C,0,.2H,0. NaHC,0,.H,0. N @AC10e- 
0° 3-43 } S 8-58 * 

10 6-40 * ‘ 11-0* 

20 8-95 * : - 13-4* 

30 12-4 , . . _- 

40 17-7 , 15-9 * 

50 24-3 . | ; 16-2 

60 _ 








* Interpolated values. 


The principal points of the solid figure have been described. The lines and surfaces are lettered as 
follows. 


Univariant Lines.—Binary lines. XA = dilute solutions of H,C,O,,2H,O and ice; Af = solubility 
curve of H,C,0,,2H,O; fA, = solubility of H,C,O,; ff, = increase in temperature and concentration of 
saturated solution with hydrated and anhydrous H,C,O,, in presence of increasing quantities of 
NaHC,0,,H,O to Ae “vera at f,; A,X, = boiling-point curve (760 mm.) at various dilutions of the 
above ; eS int curve (760 mm.) at various dilutions of NaOH; E,gedcbaE = solubility of 
NaOH, Ou, HO, NaOH, 2H,O, NaOH,3}H,O, NaOH,4H,0, NaOH,5H,O, and NaOH,7H,0, 
respectively; EX = dilute solutions of NaOH,7H,0 and ice. 


Ternary lines. AB = H,C,O,,2H,O and ice; A, and B, are poy co-terminous = et} O, and 
water vapour at 760 mm. pressure; Bf, = NaH C,0,H 20 and H Yom BC = ayy H,0 and 
ice ; B.C, — N NaHC,O, and water — at 760 mm. pressure ; = 'NaHC,0O, and H. &,: 
Naitc02H,0 and Na,C,0,; CD a,C,O, and ice; C,D, = ne O, and water vapour at Neos mm, 
pressure; D, and E, are practically coterminous = "Na,c O,, Nai Hi, and water om at 760 mm. 
re; Da, = NaOH,7H,O and Na,C,0,; a,b, = NaOH,5H O and Beaks; B 1°, = NaOH,4H,O 
and Na,C,0,; c,d, = NaOH ,3$H,O and N. 04; dye, = NaOH! H,O and ; 6,8, = NaOH,H,O 
and NayC.04i 6:Dq = Ee = NaOH and Na,C,0,; HHe Reticiftn.o: NNo = 
ay 


Ho = solubility curve 0 
solubility curve of 


Bivariant Surfaces. ~ AB. HiG2H,0; ff FipBuAy = HyCi04: Phe 


c 
was . rer, = Na, H,7H,O; — aayd a) = NaOH,5 1.4 c= 
iit Rok iad = Nao THO; yg Peps NAOH 2H.O eee = NaOHLH 
NaOH to "300°. “4BCDEXA = ice surtace; X,A,B,CeD,E,X, = water vapour 1HO: often. 
pressu 


CB = =o MeCN: 
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374. The Formation and Fission of Quaternary Salts of 
Heterocyclic Bases containing Reactive Alkylthio-groups. 
By D. J. Fry and J. D. KENDALL. 


A detailed study has been made of the formation of quaternary salts by 
the action of methyl and ethyl iodides on 2-methylthio- and 2-ethylthio- 
benzothiazole, -benzoxazole, -pyridine, and -quinoline and the isomeric 
thiones. The reactions of methyl and ethyl toluene-p-sulphonates with the 
benzothiazole and quinoline compounds are also described. Contrary to 
published statements (Beilenson and Hamer, /J., 1939, 148: Sexton, ibid., 
p. 470) the anomalous quaternisations previously observed for certain of 
these reactions lead, not to single compounds, but to a mixture of quaternary 
salts. A mechanism for these anomalous quaternisations is postulated and 
additional anomalies are described. Attention is drawn to the two-fold 
reactivity shown by the 2-alkylthio-group in the quaternary salts. 


BEILENSON AND Hamer (j., 1939, 148) reported that, whilst the action of ethyl iodide on 
2-methylthiobenzothiazole (I; Y = S) gave 2-methylthiobenzothiazole ethiodide (VII; Y = 
S), that of ethyl iodide on 2-methylthioquinoline (I; Y = CH°CH) gave 2-ethylthioquinoline 
methiodide (VI; Y = CH:CH). Sexton (J., 1939, 470) stated that anomalous quaternisation 
also occurred in the first reaction, 2-ethylthiobenzothiazole methiodide (VI; Y = S) being 
formed. No mechanism for the observed interchanges was postulated by these authors, but 
Davies and Sexton (J., 1942, 304) and Mann and Watson (J. Org. Chem., 1948, 18, 502), suggested 
that the reaction of an alkyl! iodide on a 2-alkylthiobenzothiazole involved an initial sulphonium 
salt formation followed by a rearrangement to the quaternary ammonium salt obtained. 

In order to elucidate the mechanism of the apparent interchange of groups on the sulphur 
and the nitrogen atoms in the above quaternisations, a detailed examination was made of the 
action of methyl and ethyl iodides on 2-methylthio- and 2-ethylthio-benzothiazole (IV; Y = S), 
and on the analogous quinoline compounds (I and IV; Y = CH:CH) and the isomeric thiones 
(II and III) which also add alkyl iodides to give salts. For reasons associated with their colours 
and reactions, we regard the salts, whether formed from the thioethers or from the thiones, as 
quaternary ammonium and not sulphonium compounds as suggested by Fischer (Ber., 1902, 
85, 3677) and I. G. Farbenind. A.G. (B.P. 423,492). We believe also that such ammonium 
compounds are the initial products of quaternisations, even with thiones, the dipolar form of 
the latter (see Oesper, Lewis, and Smyth, J. Amer. Chem. Soc., 1942, 64, 1131) activating the 
alkyl iodide to give a positively charged alkyl radical, which attaches itself to the negatively 
charged sulphur of the thione, and a negatively charged halide ion which becomes associated 
with the nitrogen atom. 

As detailed below our experiments show that when a heterocyclic 2-alkylthio-base or the 
isomeric thione is quaternised with an alkyl iodide, containing the same alkyl group, single 
compounds are obtained and these are identical. In the case of a thione and an alkyl] salt with 
an alkyl group different from that of the thione, only one compound is formed too, so that from 
(II) and (III), with methyl and ethyl iodide, four pure quaternary salts (V), (VI), (VII), and 
(VIII), can be prepared. The action of an alkyl iodide on a 2-alkylthiobenzothiazole or a 
2-alkylthioquinoline with an alkyl group different from that of the alkyl iodide can, however, 
lead to a mixture of quaternary salts, the formation of which is nevertheless capable of a simple 
explanation. 

If, as we believe, the initial reaction between an alkyl halide and a 2-alkylthio-base is a 
simple quaternisation of the nitrogen atom, then when 2-methylthiobenzothiazole (I; Y = S) 
is heated with ethyl iodide some 2-methylthiobenzothiazole ethiodide (VII; Y = S) is formed. 
If this salt were stable under the conditions of the reaction or underwent fission in the same way 
as 2-methylthiopyridine methiodide on being heated (Fischer, Joc. cit.), (VII; Y = S) would be 
the only salt isolated from the reaction mixture. Quaternary salts of 2-alkylthiobenzothiazoles, 
however, on being heated with weak organic bases very easily give thiones (Kendall, B.P. 
475,647). The salt (VII; Y = S), therefore, when heated with the large quantity of (I; Y = S), 
initially present, undergoes fission to give (III; Y = S) and (_V; Y=S). The thione (III; 
Y = S) then reacts with ethyl iodide, which is also present in considerable quantity at the 
beginning of the reaction, to give 2-ethylthiobenzothiazole ethiodide (VIII; Y= S). Both 
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quaternary salts are again dequaternised by 2-methylthiobenzothiazole to give the thiones 
(II and III; Y = S) and the salts (V; Y = S) and (VII; Y =S). In this way it is possible to 
obtain from 2-methylthiobenzothiazole and ethyl iodide a mixture of four different quaternary 
salts and not merely 2-ethylthiobenzothiazole methiodide as reported by Sexton (loc. cit.). 
Since, however, (V; Y =S) and (VI; Y =S) are the least soluble, crystallisation of the 
mixed salts normally gives a mixture of the two methiodides. In many cases, after repeated 
recrystallisations, only (V; Y = S) is isolated. The quaternary salts obtained by addition of 
ether to the filtrates after crystallisation are still a mixture and possess a very low melting point. 
Although it is almost certain that this mixture contains (VII and VIII; Y = S), their isolation 
is difficult since they are not very stable and are decomposed on repeated crystallisation. 
Experimental evidence below on the action of small quantities of alkyl iodides on 2-alkylthio- 
benzothiazoles supports this mechanism of the formation of a mixture. 

When 2-ethylthiobenzothiazole (IV; Y = S) is heated with methyl iodide, 2-methylthio- 
benzothiazole methiodide is again formed by a series of reactions similar to those described above 
and is isolated as the least soluble product after crystallisation. Since, however, there is no 
change in the group attached to the nitrogen atom, no anomalous salt formation is evident when 
the quaternary salt is used for cyanine dye condensations. As a general principle we believe, 


Etl 


” sYy 
t I set 
Bu 
(VL.) (VIII.) 
nevertheless, that it is inadvisable to attempt the preparations of pure thiacyanine dyes from 
alkiodides obtained by the action of ethyl or methy] iodide on a 2-alkylthiobenzothiazole in 
which the alkyl group is different from that of the alkiodide employed. 

The quaternary alkiodides of 2-alkylthioquinolines are higher melting and more stable than 
2-alkylthiobenzothiazole alkiodides. The former, for example, can be crystallised from alcohols 
without marked decomposition. Although converted by boiling pyridine into thiones, the 2- 
alkylthioquinoline alkiodides do not invariably undergo a similar conversion when heated at 
100° with 2-alkylthioquinolines. Thus, when 2-ethylthioquinoline (IV; Y = CH‘CH) is heated 
with a small quantity of methy] iodide no thione can be detected, only 2-ethylthioquinoline 
methiodide (VI; Y = CH:CH) and unchanged thioether being isolated from the reaction mix- 
ture. 2-Methylthioquinoline (I; Y = CH°CH), on the other hand, when heated with a small 
quantity of ethyl iodide, gives a mixture containing (II, V, and VI; Y = CH‘CH) and unchanged 
thioether. The reaction of 2-ethylthioquinoline with methyl iodide (Beilenson and Hamer, 
loc. cit.) results therefore in a straightforward quaternisation, whilst the action of ethyl iodide 
on 2-methylthioquinoline gives an anomalous quaternisation. 

Although the melting points of 2-alkylthio-benzothiazole and -quinoline alkiodides are an aid 
to identification, it is found that in certain cases mixed melting points are unreliable. Thus as 
Sexton (loc. cit.) reported, no depression is obtained on admixture of compounds assumed from 
their reactions to be 2-methylthiobenzothiazole ethiodide and 2-ethylthiobenzothiazole meth- 
iodide. The identification of a quaternary 2-alkylthio-salt can, however, be made by converting 
it, by means of sodium sulphide, into a thione and an alkanethiol (cf. Sexton, /oc. cit.) which can 
be identified as a mercury mercaptide. The method also serves to demonstrate the presence of a 
mixture of quaternary salts and, in some cases, to identify its components. 

The preparation of cyanine dyes by the fusion process of Kendall (B.P. 438,420) using alkyl 
toluene-p-sulphonates of 2-methylthio- and 2-ethylthio-benzothiazole, and the corresponding 
quinoline compounds, results in the formation of dyes which would be expected if the quaternis- 
ations proceeded normally, suggesting that these salts are more stable than the alkiodides. This 
was confirmed by preparation of the alkyl toluene-p-sulphonates from both 2-alkylthio-bases and 
the appropriate thiones, using molecular proportions of the reactants. When, however, 2-ethyl- 
thiobenzothiazole was heated with an excess of methyl toluene-p-sulphonate a mixture was 
obtained from which 2-methylthiobenzothiazole methotoluene-p-sulphonate was isolated. 
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The increased stability of 2-alkylthioquinoline alkyltoluene-p-sulphonates, compared with 
the corresponding alkiodides, was confirmed by the fact that the former, unlike the latter, are 
not converted into thiones on being heated with pyridine. 

For comparative purposes, a study was made of the action of methyl and ethyl iodides on 
2-alkylthio-pyridines and -benzoxazoles and their isomeric thiones. 2-Alkylthiopyridines, 
when heated with alkiodides, invariably give quaternary salts without any group interchange. 
No quaternary alkiodides could be isolated from 2-alkylthiobenzoxazoles or the isomeric thiones, 
the salts formed initially undergoing immediate fission to a thione and an alkyliodide. Although 
the action of alkyl toluene-p-sulphonates on 2-alkylthiobenzoxazoles or the isomeric thiones 
gives solid quaternary salts, these are too unstable for purification. They can, however, be used 
in the preparation of oxacyanine dyes as described by Kendall (loc. cit.). 

The structures of the alkyl salts of heterocyclic 2-alkylthio-bases, as exemplified by their 
reactions, are of interest. 2-Alkylthiobenzothiazole salts, in the presence of a weak base, readily 
give rise to thiones with fission of the bond linking the sulphur and the alkyl group of the 
thioether grouping. In the presence of strong bases, in hydroxylic solvents, fission occurs most 
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readily at the bond linking the sulphur atom of the thioether grouping with the carbon atom of 
the thiazole ring (Sexton, Joc. cit.). The normal reaction between a thioether quaternary salt 
and a compound containing a reactive methylene group also involves the breaking of the bond 
linking the sulphur of the thioether group and the carbon atom of the heterocyclic ring. When 
a 2-methylthiobenzothiazole alkyl salt (IX) and 2-methylbenzothiazole (X) are heated together 


fissions of both types occur. The extent to which one or other type takes place, however, 
varies with the alkyl salt. 2-Methylbenzothiazole and (IX; X = I), for example, give excellent 
yields of (XI; X = I) and the thione (XII) together with traces of a yellow dye, possibly (XIII 
or XIV; X =I). The salt (IX; X = C,H,°SO,) and (X), on the other hand, give mainly the 
toluene-p-sulphonate of the thiacyanine base (cf. XIII) and minute quantities of (XI; X = 
C,H,’SO,), (XII), and the thiacyanine dye (XIV; X = C,H,°SO,). 


EXPERIMENTAL. 


All reactions with alkyl iodides were carried out at atmospheric pressure on the water-bath and pro- 
ducts freed from basic compounds by extraction with benzene and/or acetone. 


2-Methylthiobenzothiazole Methiodide.—This was obtained (85%) from 2-methylthiobenzothiazole 
and excess of methyl iodide (48 hours’ heating), or from the latter and 2 : 3-dihydro-3-methylbenzo- 
thiazole-2-thione (1 hour). It formed long colourless needles, m. p. 148° (decomp.), from ethanol (50 
c.c. per g.) (Found: S, 20-25; I, 39-45. Calc. for C,H,,NIS,: S, 19-85; I, 39-25%). Beilenson and 
Hamer (loc. cit.) give m. p. 146° (decomp.). Rassow, Dohle, and Reim (J. prakt. Chem., 1916, 98, 204) 
give m. p. 139°. 

2-Ethylthiobenzothiazole Methiodide.—This was obtained (75%) from 2 : 3-dihydro-3-methylbenzo- 
thiazole-2-thione and ethyl iodide (8 hours’ heati g) and formed colourless prismatic needles, m. p. 140° 
(decomp.), from ethanol (7 c.c. per g.) (Found: S, 18-7; I, 37-35. Calc. for C,,H,,NIS,: S, 19-0; I, 
37-65%). Rassow et al. (loc. cit.) give m. p. 132°; Sexton (loc. cit.) gives m. p. 140°. 

2-Methylthiobenzothiazole Ethiodide.—Prepared (95%) from 3-ethyl-2 : 3-dihydrobenzothiazole-2- 
thione and methyl! iodide (4 hours’ heating), this salt formed colourless prismatic needles, m. p. 136° 
(decomp.), from methanol (5 c.c. per g-) (Found: C, 35-3; H, 3-75; S, 19-25. C,,H,,NIS, requires 
C, 35-6; H, 3-6; S, 190%). Sexton (loc. cit.) gives m. p. 131° but no analytical data. 

2-Ethylthiobenzothiazole Ethiodide.—This was obtained (90%; m. p. 116° (decomp.)] from 3-ethyl- 
2 : 3-dihydrobenzothiazole-2-thione and ethyl! iodide (4 hours’ heating) or (3%) from the latter and 2- 
ethylthiobenzothiazole (15 hours’ heating) (Found: I, 36-4. Czlc. for C,,H,NIS,: I, 36-15%). 
2-Ethylthiobenzothiazole ethiodide is hygroscopic and unless stored in vacuo increases in weight, whi 
the m. p. drops. A similar drop in m. p. also occurs when the compound is recrystallised from methanol. 
Brooker, White, Keyes, Smyth, and Oesper (J. Amer. Chem. Soc., 1941, 68, 3200) give m. p. 115—117°. 
Beilenson and Hamer (loc. cit.) give 95—96°. 
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Action of Ethyl Iodide on 2-Methylthiobenzothiazole.—2-Methylthiobenzothiazole (5-4 g., 1 mol.) and 
pure dry ethyl iodide (3 c.c., 1-2 mols.) were mg ether (24 hours). The crude uct after extrac- 
tion gave Zo mg many wder (4 rete) 2 m. Shey Mor decomp oe: C, 35- “i 3-9; S, 19-1; 
I, 36-75. . for GH yNIS, : C 3-1; S, 19-85; 9- Calc. for C,,H,,NIS, : C, 35-6; 
H, 3-6; S, 19-0; I, 37-65. Calc. for C,,H,,NIS, : C, 37-6; S, 19-25; I, 36-15%). 


A portion (2-5 g.) of the crude qua’ salt in water (30 c.c.) was treated at 60° with a 25% (w/v) 
aqueous solution fiz c.c.) of crystalline ium sulphide, and the evolved thiol aspirated (30 st 
through 5% (w/v) ey Re mercuric cyanide (50 c.c.), giving an oily meee derivative which was bo 

with mi 1 40 c.c.). The residue (0-025 g.) m. p. 80—160°, and the solution, on cooling, 
also deposi i the mercury derivatives of methane- and ethane-thiol as colourless plates 
(0-075 g.), m. p. 90—120°, which were filtered off. This filtrate was concentrated to 26 c.c., and an equal 
volume of water added to give the impure mercury derivative (0-1 g.), m. p. 62—69°, of ethanethiol. 
The mercury derivative of methanethiol obtained from the decomposition of had m. p. 172° (Klason, 
Ber., 1887, 20, 3410, gives m. p. 175°) and was soluble in ca. 100 volumes of boiling methanol, whilst 
that of ethanethiol from (VIII) had m. p. 74—75° (Klason, J. pr. Chem., 1877, 15, , gives m. p. 76— 
77°) and was readily soluble. 

The thione (0-77 g.) obtained i * the decomposition did not solidify and was dissolved in hot methanol 
(10 c.c.) from which, on cooling, 2 : 3-dihydro-3-methylbenzothiazole-2-thione (0-33 £) = if. -— . 
was obtained. The filtrate from the thione was concentrated to 3 c.c., giving a so yt hy Pp 
52—57°. This m. p. was raised by admixture with both 2: 3-dihydro-3-methyl- and 3-ethyl-2 : 
dihydro-benzothiazole-2-thione, indicating that the solid was a mixture of the two thiones. 


os vemeener & Sn Ste eee. (2-25 g.) was boiled with a mixture of acetone (10 c.c.) 
and ethanol (20 c.c.) and filtered from a little undissolved 2-methylthiobenzothiazole methiodide 44 12 f. 
m. p. 146° (decomp.). On cooling, colourless needles (0-35 g.), m. 7k. on (decomp.), 

m. p. was raised by admixture with 2-methylthiobenzothiazole me Sot areoaaed wth Bi 2-ethyl- 

thiobenzothiazole methiodide. After filtration, addition of = ether (60. 4 c. “ precipitated a solid (0-67 

-), m. p. 94—96° (decomp.), depressed by admixture with 2-ethylthiobenzothiazole ethiodide and raised 
admixture with 2-ethylthiobenzothiazole methiodide. 

Addition of more dry ether (65 c.c.) to the filtrate from the above solid precipitated a buff-coloured 
solid (0-35 g.), m. p. 96—98° Fon nag ) elevated by admixture with 2-ethylthiobenzothiazole ethiodide. 
A portion (0-2 g.) of this solid was treated with aqueous sodium sulphide, and the oily mercury derivative 
was boiled with methanol and decanted from a trace of the mercury derivative, m. 0—172°, of 
methanethiol. The solution, on cooling, d my colourless plates of the mercury Entwative, m. p. 
70—72°, of ethanethiol. The thione obtain -) had m. p. 42—55° which was elevated by admix- 
ture with both the methyl and the ethyl oan.” ecrystallisation from 50% aqueous methanol still 
gave a mixture (0-04 g.), m. p. 50—60°, 


Repetition of the above reaction using ethyl iodide containing a trace of iodine which, according to 
Sexton (loc. cit.), catalyses the conversion of 2-methylthiobenzothiazole into the isomeric thione, gave 
substantially the same sean, as did the use of twice the quantity of ethyl iodide. 


Action of Methyl Iodide on 2-Ethylthiobenzothiazole.—2-Ethylthiobenzothiazole (5-0 g., 1 mol.) and 
methyl iodide (2-0 c.c., 1-2 mols.) were heated together for 24 hours. The product after extraction (ben- 
zene and acetone) gave a white powder (3-08 ¢).™. P 131° (decomp.), which (0-25 g. in 3 c.c. of water) 
with sodium sulphide gave a mixture, m. p. 132°, of the mercury derivatives of methane- and a 
little ethane-thiol. The crude quaternary salt, on crystallisation from ethanol, gave 2-methylthio- 
benzothiazole methiodide, m. p. 147° (decomp.) alone or mixed with the authentic compound. 


Action of Ethyl Iodide on 2-Methylthiobenzothiazole Methiodide.—2-Methylthiobenzothiazole methiodide 
(1 g.) and ethyl iodide ba c.c.) were boiled be apr (40 hours). The product (0-96 g.) had m. 140° 
(decomp.) and gave no d eget admixed with either 2-methylthiobenzothiazole methiodide or -ethyl- 
thiobenzothiazole methi o— of the solid when treated with aqueous sodium sulphide gave 
2: 9-dispdeo-$-anothyfbensothiass 2-thione and an oily thiol derivative from which the mercury 
derivatives of methane- and ethane-thiol were isolated. The reaction product consisted mainly, therefore, 
of a mixture of the methiodides of 2-methylthio- and 2-ethylthio-benzothiazole. 


Reaction of 2-Methylthiobenzothiazole with a Small Quantity of Methyl Iodide.—2- Nein bape oar 
thiazole (10 g.) was warmed (24 hours) with methyl iodide (0-6 c.c.). The solid product was separated 
by hot benzene (100 c.c.) into 2-methylthiobenzothiazole methiodide (2-23 g.) and a mixture of 2 : 3- 
dihydro-3-methylbenzothiazole-2-thione (5-41 g.) insoluble in concentrated hydrochloric acid, and acid- 
soluble 2-methylthiobenzothiazole (0-67 g.). 


Reaction of 2-Methylthiobenzothiazole with a Small Quantity of Ethyl lodide.—2-Methylthiobenzothiazole 
(10 g.) was warmed (24 hours) with ethyl iodide (0-78 c.c.). The product was identified as a mixture of 
2-methylthiobenzothiazole methiodide (2-03 g.), 3-methyl-thione (4-57 g.), 3-ethyl-thione (1-08 g.), 
and unchanged thioether (1-4 g.). 

Reaction of 2-Methylthiobenzothiazole Methiodide with 2-Methylthiobenzothiazole.—2-Methylthiobenzo- 
thiazole (10 g.) was warmed (24 hours) with 2-methylthiobenzothiazole methiodide (2 g.) on the water- 
bath. The product was identifiéd as 2: 3-dihydro-3-methylbenzothiazole-2-thione (5-5 g.) and un- 
changed 2-methylthiobenzothiazole (2 g.) and its methiodide (1-65 g.). 


Reaction of 2-Ethylthiobenzothiazole with a Small Quantity of Methyl Iodide.—2-Ethylthiobenzothiazole 
(10 g.) was warmed (24 hours) with methyl iodide (0-65 c.c.). The oily eae was diluted with benzene 
ong c.c.) and decanted from insoluble oily quaternary compounds which, after recrystallisation, had 

p. 126° (decomp.). The benzene solution contained unchanged thioether (4-9 g.) together with a 
cahabere (1-77 g.) consisting mainly of the 3-ethyl-thione with some 3-methyl-thione. 
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Methylthiobenzothiazole Methotol p-sulph —2-Methylthiobenzothiazole (5 g., 1 mol.) was 
heated with methy] toluene-p-sulphonate (5- 14 g. 1 ne ) at 140° for 4hours. The product, which solidi- 
fied on cooling, was washed well with dry acetone to give fine colourless hygroscopic crystals (7-5 g., 74%) 
which softened at 162° and melted at 167°. The compound, immediately after drying, had m. p. 173°. 
Beilenson and Hamer (loc. cit.) give m. p. 167—168° with previous softening. 


The same product (8-9 g., 88%), m. p. 173°, was also obtained from 2 : 3-dihydro-3-methylbenzo- 
thiazole-2-thione and methyl] ROS DOP Ae on a water-bath (6 hours). 


2-Methylthiobenzothiazole Ethotol a te.—This salt was obtained (7-95 g., 81%) similarly 

from at ae 2 : 3-dihydrobenzothiazole- pov se (5 g.) and methy! toluene-p-sul honate (4-77 g.) or (5-7 

) from 2-methylthiobenzothiazole (5 g.) and ethyl toluene-p-sulphonate (5-53 g.). It recrystal- 

ised m ethanol-acetone-ether as small colourless irregular hygroscopic plates, m. p. 154—156° 
(Found : S, 24-9. C,,H,O,NS, requires S, 25-2%). 


2-Ethylthiobenzothiazole ethotol p-sulphonate was obtained (3-9 g., 39%; m. p. 124°) similarly from 

2-ethylthiobenzothiazole or from 3-ethyl-2 : 3-dihydrobenzothiazole-2-thione (5 g.) and ethy! toluene-p- 

sulphonate (5-13 g.). Recrystallisation from ethanol-acetone-ether gave the compound as clusters of 
small hygroscopic plates (2-5 g.), m. p. 125° (Found: S, 24-35. C,,H,,O,NS, requires S, 24-30%). 


2-Ethylthiobenzothiazole methotol p-sulphonate was obtained (4-8 g., 48%) similarly from 2: 3- 
dihydro-3-methylbenzothiazole-2-thione 6 g-, 1 mol.) and ethyl toluene-p-sulphonate (5-53 g., 1 mol.) 
or (0-9 g., 95%) from 2-eth 1 Ithiobenzothiasole (5 g., | mol.) and methyl toluene-p-sulphonate (4-77 
4.2 mol.). The compound, which was hygroscopic, was recrystallised from dry methanol-ether 
to give fine colourless crystals, m. p. unsharp to 112°. After being dried to constant weight at 70° it 
had m. p. 140° with softening from 136° (Found: C, 53-75; H, 5-1; S, 25-2. C,,H,O,NS, requires 
C, 53-5; H, 5-0; S, 25-2%). 


Action of an Excess of Methyl Toluene-p-sulphonate on 2-Ethyithiobenzothiazole.—2-Ethylthiobenzo- 
thiazole (5 g., 1 mol.) was heated with methyl] toluene-p-sulphonate (9-54 g., 2 mols.) at 140° for 3 hours. 
The sticky product was washed with acetone and recrystallised from ethanol-acetone-ether to give 
colourless crystals (3-75 g.), m. p. 167°, alone or admixed with 2-methylthiobenzothiazole methotoluene- 
p-sulphonate (Found: C, 52-65; H, 4-56; S, 26-5. Calc. for C,,H,,O,NS,: C, 52-3; H, 4-65; S, 
262%). 














Action of a Small Quantity of Methyl Toluene-p-sulphonate on 2-Methylthiobenzothiazole.—2-Methy]l- 
thiobenzothiazole (10 g.) and methyl toluene-p-sulphonate (1-5 g.) were heated together (24 hours) at 
100°. The product was identified as 2-methylthiobenzothiazole wrapiennae ce! reece (2-74 g., 
oe and unchanged 2-methylthiobenzothiazole (6-5 g.). No thione was detected 


: 2-Dihydro-1-methylquinoline-2-thione.—2-lodoquinoline methiodide (57 g.) was added gradually 
with stirring to a solution of potassium hydrogen sulphide prepared from potassium hydroxide (20 
g.) in ethanol (100 c.c.). The mixture, which became warm, was boiled under reflux for 1 hour, then 
poured into cold water (1 1.), and the solid, which separated, was filtered off and recrystallised, without 
drying, from ethanol (120c.c.). The product, long yellow needles (22-8 g., 91%), m. rie", was identical 
with that obtained by Gutbier’s method (Ber., 1900, 38, 3359; who gives m. p. Tis’) The picrate, 
which is much more soluble than that (m. p. 185—187°) of the oe Bicother, was obtained 
from the thione (0-2 g.) in ethanol (2-5 c.c.) as stout orange rhombs (0-22 g.), m. p. 104—105°. McNeil 
and Cowper (/J., 1939, 1860) give for the thioether picrate, m. p. 183—184°, and for the thione picrate, 
m. p. 104°. 


1-Ethyl-1 : 2-dihydroquinoline-2-thione was obtained similarly from 2-iodoquinoline ethiodide (53 g.) 
and potassium hydrogen sulphide prepared from potassium hydroxide (20-4 g.) in ethanol (102 c.c.). 
Recrystallisation from ethanol (50 c.c.) gave yellow prisms (22 g., 91%), m. p. 59—60° (Found: S, 16-6. 
C,,H,,NS requires S, 16-95%). 


2-Methylthioquinoline Methiodide.—This was obtained (3-2 g., 80%) from 1 : 2-dihydro-l-methyl- 
quinoline-2-thione (2-22 g.) and methy] iodide (1 c.c.) (7 hours’ heating) or (7-25 g., 77%) from the latter 
(3 c.c.) and 2-methylthioquinoline (5 g.) (40 hours’ heating). It recrystallised from ethanol as fine yellow 
rine m. p. 195° (decomp.) (Found : I, 40-05. Calc. for C,,H,,NIS: 1, 40-0%). Beilenson and Hamer 
(loc. cit.) give m. p. 193°. When boiled with dry pyridine (10 c.c.) for 1} nia it eo 1 : 2-dihydro-1- 
methytgulactine-4-thdens (0-43 g., 78%). The latter, together with methanethiol, was also obtained 
when the quaternary salt was treated with sodium sulphide. 


2-Ethylthioquinoline Methiodide.—This was obtained (3-15g., 83%) from 1: 2-dihy uinoline-1-methyl- 
2-thione (2 g.) and ethyl iodide (1-5 c.c.) (7 hours’ heating), or (40 hours’ heating) La methyi iodide 
and 2-ethyithioquinoline [picrate, yellow prisms, m. p. 150—152° (Found: S, 7-5. H,,NS,C,H,O,N 
requires S, 7-65%)|. It crystallised from ethanol (60 c.c.) as minute yellow hexag ontl and rectangular 
plates (2-55 g.), m. p. 187° (decomp.) (Found : I, 38-15. Calc. for C,,H,,NIS: ne 38-3%). Beilenson 
and Hamer (loc. cit.) give m. p. 185° (decomp.). When boiled with dry pyridine (10 c.c.), the salt (1 g.) 
gave 1 : 2-dihydro-1- on ee as (0-35 g., 66%). 

2-Methylthioquinoli thiodide (3-5 80%), m. 184—186° (decomp.), was prepared similarly 
(1 hour’s heating) con l-ethyl-1 : 2-dihydroquinoline- -2-thione (2-5 g.) and ‘methyl iodide (1-5 c.c.). 
Recrystallisation from ethanol (100 c.c.) ex) ~ fine yellow plates (2-8 g.), m. 185° (decomp.) 
(Found: 1, 38-1. C,,H,,NIS —— I, 38- 3%). “With boiling dry pyridine (10 c.c. ) as described above, 
the salt (1 g.) gave l-ethyl- 1 : 2-dihydroquinoline-2-thione (0-45 g 


2-Ethylthioquinoline Ethiodide.—This was obtaired (0-3 g., 99%) from 1l-ethyl-1 : — roquinoline- 
2-thione (0-5 g.) and ethyl iodide (0-4 c.c.) (30 minutes’ heating) or (2-4 g., 27%) from the latter (3-5 c.c.) 
and 2-ethylthioquinoline (5 g.) (40 hours’ heating). It crystallised from alcohol (50 c.c.) as fine yellow 
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plates (1 g.). m. p. 165° (decomp.) (Found : I, 36-45. Calc. for C,;H,,NIS: I, 36-75%). With boiling 
dry pyridine (10 c.c.), the ethionide (1 g.) gave l-ethyl-1 : 2-dihydroquinoline-2-thione (0-35 g., 65%). 


Reaction of Ethyl Iodide with 2-Methylthioquinoline.—2-Methylthioquinoline (5 g., 1 mol.) and ethy! 

iodide (2-5 c.c., 1-1 mols.) were heated (40 hours) at 100°. The te product, after extraction with 
dry acetone (20 c.c.) and ether, gave a yellow powder (5-86 g.), m. Pree a a) ). ie crude 
quaternary salt, after two recrystallisations from ethanol, gave yellow plates 184° _ 
pay gee ences nd C, 43-55; H, 435; S, 9-8. ak Cc, 3; H, 4-25; S970). 
m. p. was raised by admixture with 2-ethylthioquinoline , and depressed by admixture with 
2- ~methyithioquinclt ethiodide or methiodide. A portion of the ane quaternary salt (0-5 g.) reacted 
with aqueous sodium sulphide (2-5 c.c.) to give an oily mercury derivative and a oJ oily thione. 
The latter was collected, Sed (O18 6), ee hy gee ah eaede pngh pei giving ye les (0-10 
g-), m. p. 97—99°, elevated on admixture with an authentic specimen of | : -dihydro-I-methy uinoline- 
2- dhionn. The filtrate was evaporated to dryness and the semi-solid residue stirred with a little alcohol 
and filtered, to give a second crop of impure thione (0-02 g.), m. p. 90—93°. 


The oily mercury derivative was extracted with boiling methanol (3 x 5 c.c.), filtration being carried 
out after each extraction. A trace of the mercury derivative, m. p. 170—173°, of methanethiol remained 
undissolved. On cooling, colourless — (0-01 g.), m. p. 90—120°, of a mixture of mercury derivatives of 
methane- and ethane-thiol separated from the filtrate. The filtrate on concentration gave second (0-01 g.) 
and third crops (0-01 g.), which were mainly the mercury derivative of ethanethiol. The original crude 
quaternary salts consisted, therefore, of a mixture of 2-methylthioquinoline and 2-ethylthioquinoline 
methiodides. 


An experiment in which 2-methylthioquinoline was heated with a large excess of ethy! iodide gave 
similar results. 


Action of a Small Quantity of Ethyl Iodide on 2-Methylthioquinoline.—2-Methylthioquinoline (5 g.) 
and ethyl iodide (0-38 c.c.) were heated together for 24 hours. The mixture was diluted with 50 c.c. of 
benzene and filtered from a solid (1-07 g.), 180° (decomp.), which was identified as a mixture of 
2-methylthio- and 2-ethylthio-quinoline scothiodides. The benzene, on evaporation, left a residue which 
was separated into | : 2-dihydro-1-methylquinoline-2-thione (1-4 g.) and unchanged thioether (1-87 g.) 
by dissolution in concentrated hydrochloric acid and fractional precipitation with 5% aqueous sodium 
carbonate. 


Action of a Small Quantity of Methyl Iodide on m 2-Ethylthi inoline.—2-Ethylthioquinoline (5 g.) and 
methyl iodide (0-31 c.c.) were heated together (24 hours). e product (1-05 g.), after extraction with 
benzene (50 c.c.), had m. r 182° (decomp.) and on rec tion from ethanol gave 2-ethylthioquino- 
line ethiodide (0-86 g.), m. p. 187° (decomp.) alone or admixed with the authentic compound. From the 
benzene solution eubenens 2-ethylthioquinoline (3-9 g.), b. p. 131—132°/3 mm., 208°/60 mm., was 
recovered. No thione was detected. 


2-Methylthioquinoline Methotol p-sulphonate.—This was obtained (10-2 g., 99%) by heating 
2-methylthioquinoline or the isomeric thione (5 8) and methyl! toluene-p-sulphonate (5-35 g.) at 140° for 
4hours. Recrystallisation from a small volume of ethanol, containing a little acetone, gave small colour- 
less irregular plates (6-1 g.), m. p. 159°. Beilenson and Hamer (loc. cit.) give m. p. 160°. 


Z ee mee er ced thotol: Iphonate was obtained (4-5 g., 46%) similarly from 1-ethyl- 
1 : 2-dihydroquinoline-2-thione (5 g.) for “methyl toluene-p-sulphonate (4-9 g.) or Bane 7 , 17%) from 
2- thom thioquinoline (5 g.) and ethyl toluene-p-su Cann, (5-8 g.). It recrystal rom ethanol- 
acetone as colourless crystals, m. p. 145° (Found : 60-75; H, 5-4; S, 170. C TONS, requires 
C, 60-75; H, 5-65; S, 17-1%). 


2-Ethylthioquinoline thotol te was obtained (1-1 g., 86%) similarly from 1 : 2- 
dihydro-1-methylquinoline-2-thione (0. “6 e) — ethyl toluene-p-sulphonate (0- 69 g.), or (9-05 g., 91%) 
from 2-ethylthioquinoline (5 g.) and methyl toluene-p-sulphonate (4-9 g.). It crystallised from eat 
acetone as clusters of minute colourless needles, m. p. 181° (Found: S, 17-1. C, sH,,O,NS, requires 
S, 17-1%). 


2-Ethylthioquinoline ethotoluene-p-sulphonate was obtained (1-65 g., 16%) from 2-ethylthioquino- 
line (5 g.) and ethyl toluene-p-sulphonate (5-3 g.) or (2-5 g., 24%) from the latter and l-ethyl-1 : 2- 
dihydroquinoline-2-thione. Recrystallisation from ethanol—acetone-ether gave colourless crystals, 
m. p. 128° (Found : S, 16-35. Calc. for C,,H,,0,NS, : S, 16-45%). Beilenson and Hamer (loc. cit. cit) give 
m. p. 116°. 
98. 2-Methylthiopyridine was prepared by the method of Marckwald, Klemm, and Trabert (Ber., 1900, 
1558). 


2-Ethylthiopyridine.— OOP pS oe tame (22 22 &- .) was dissolved in ethanol (50 c.c.) and on solution of 
sodium (4-6 g.) in ethanol (50 c.c.) added. Ethyl bromide (20 c.c.) was then added grad and the 
mixture heated under reflux for 3 hours. Ethawl and excess of ethyl bromide were distilled o off, and the 
residue cooled and diluted with water. The oil obtained was extracted with ether, washed successively 
with water, dilute sodium hydroxide, and water, and dried (K,CO,). Fractional distillation 0 2-ethyl- 
thiopyridine as an almost colourless mobile oil, b. p. 212° (Found: S, 23-0. Cale. for C,H,NS: S, 
23-0%). Backer and Buisman (Rec. Trav. chim., 1945, 64, 102) give b. p. 208-207”. 


1 ; 2-Dihydro-2-mehylpyridine-1 -thione was prepared by the method of Michaelis and Holken 
)- 











(Annalen, 1904, 381, 245 


1-Ethyl-1 : 2-dihydropyridine-1-thione.—2-lodopyridine ethiodide (6 g.) was heated on the water-bath 
for 1 hour with aqueous sodium hydrogen sulphide (3 g. in 20 c.c.)._ The solution was cooled, extracted 
with ether (4 x 25 c.c.), washed with water (5 c.c.), and dried (K,CO,). The ether was removed and the 
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residue (1-65 g.) crystallised from water (30 c.c.) to give l-ethyl-1 : 2-dihydropyridine-1-thione as pale 
yellow needles, m. p. 46—48° (Found: S, 23-0. C,H,NS requires S, 23-0%). 

2-Methylthiopyridine methiodide, m. p. 156°, was obtained as fine pale yellow needles in almost 
quantitiative _— from 2-methylthiopyridine and methyl iodide (3 hours’ heating), or from 1} : 2- 
dihydro-1-methylpyridine-2-thione and methyl iodide as described by Fischer (loc. cit.). 

2-Ethylthiopyridine ethiodide was obtained similarly from 2-methylthiopyridine and ethyl iodide, 
or from 1-ethyl-1 : 2-dihydropyridine-2-thione and methyl iodide. isation from ethanol- 
ether gave the ethiodide as almost colourless flat needles, m. p. 161° (Found: I, 45-6. C,H,,NIS 
requires I, 45-2%). 

2-Ethylthiopyridine methiodide was obtained in almost Be pn genes yield from 2-ethylthiopyridine 
and methy] iodide (6 hours’ heating) as an oil which solidified on cooling and had m. p. 90—-95°. Crystal- 
lisation from a small volume of ethanol gave pale yellow needles, m. p. 110° (Found : I, 45-7. C,H,,NIS 
requires I, 45-2%). The same compound separated as a solid when | : 2-dihydro-1-methylpyridine-2- 
thione was heated with ethyl iodide for 1 hour. Fischer (/oc. cit.) using this method obtained an oil 
which solidified on stirring, but he gave no m. p. or analytical data. 

2-Ethylthiopyridine ethiodide was obtained similarly from both 2-ethylthiopyridine and l-ethyl-1 : 2- 
dihydropyridine-2-thione and ethyl iodide. Crystallisation from ethanol-ether gave almost colourless 
laths, m. p. 135° (Found : I, 43-25. C,sH,,NIS requires I, 43-0%). 

Reaction of 2-Alkylthiobenzoxazoles with Alkyl Iodides.—2-Methylthiobenzoxazole (3-5 g.) and methyl 
iodide (4-0 g.) were heated under reflux for 7 hours. The product was dissolved in hot benzene (25 c.c.), 
and the solution cooled, giving colourless — (2-64 g.), m. p. 130°, identical with 2 : 3-dihydro-3- 
methylbenzoxazole-2-thione. Seidel (J. pr. Chem., 1890, 42, 452) gives m. p. 128°. The benzene filtrate 


on evaporation left a residue (0-9 g.) of unchanged 2-methylthiobenzoxazole. 

2-Ethylthiobenzoxazole (2 g.) and ethyl iodide (2 c.c.) were heated for 7 days. Recrystallisation of 
the product yielded unchanged thioether and 3-ethyl-2 : 3-dihydrobenzoxazole-2-thione (0-3 g., 15%), 
m. p. 112°. Seidel (loc. cit.) gives m. p. 112°. 

2-Methylthiobenzoxazole (5 g.) with excess of ethyl iodide under the same conditions gave mainly 
unchanged thioether and a poor yield of 3-ethyl-2 : 3-dihydrobenzoxazole-2-thione (0-5 g., 9-5%), m. p. 
109°. 


2-Ethylthiobenzoxazole (5 g.) was heated (20 hours) with excess of methyl iodide (4-4 c.c.). The 
product consisted of 2: 3-dihydro-3-methylbenzoxazole-2-thione (2-5 g.), together with unchanged 
starting compounds. 


Action of 2-Methylbenzothiazole on Quaternary Salts of 2-Methylthiobenzothiazole.—(a) 2-Methylbenzo- 
thiazole (5-0 g.) and 2-methylthiobenzothiazole methiodide (2 g.) were heated together (10 hours). 
Benzene (20 c.c.) was added and 2-methylbenzothiazole methiodide separated (1-76 g., 98%), m. p. 218° 
(decomp.) alone or admixed with an authentic specimen. Repeated crystallisation from ethanol failed 
to remove a yellow coloration, due probably to a trace of dye. The benzene solution was evaporated 
and the oily residue stirred with hydrochloric acid (d 1-16; 7-5c.c.), whereupon undissolved 2 : 3-dihydro- 
$-methylbenzothiazole-2-thione solidified and was collected (1-11 g., 98%) m. p. 85—87°. 


(b) The above experiment was repeated using 2-methylthiobenzothiazole methotoluene-p-sulphonate 
(2 g.) instead of the methiodide. The semi-solid product was warmed with dry benzene (2 x 20 c.c.), 
cooled, and filtered from a yellow solid (1-83 g.), a small portion of which was tested for 2-methylbenzo- 
thiazole enrages ea Pega ope by being heated with ethyl orthoformate and dry pyridine. A 
spectroscopic examination of the slightly reddish solution indicated the presence of a trace of thiacarbo- 
cyanine dye. The remainder of the solid was stirred with sodium hydrogen carbonate (0-6 g.) and 
water (15c.c.); a vigorous effervescence occurred and the substance became paler. Benzene (40 c.c.) 
was added, whereupon most of the solid dissolved and the mixture, on filtration, left a yellow residue 
(6-02 g.) which was dissolved in ethanol (5 c.c.) and added to hot aqueous potassium bromide (1 g. in 
10 c.c.). Bright yellow needles (0-015 g.), m. p. 285—290° (decomp.), identical with 3 : 3-dimethyl- 
thiacyanine bromide, were deposited. The benzene solution was evaporated and the residue (0-77 g.) 
recrystallised from acetone (30 c.c.). to give pale yellow prisms (0-55 g.), m. p. 176°, of methin{2-benzo- 
thiazole){2-(3-methyldihydrobenzothiazole] (cf. Hamer (j., 1940, 803)}. The hydrochloride, obtained by 
addition of concentrated hydrochloric acid to an acetone solution, separated as a bright yellow powder, 
m. p. 232—234° (decomp.) (Found : Cl, 10-8. C,H NCIS, requires Cl, 10-65%). The Aydrobromide 
was obtained similarly separated as bright yellow n , m. p. 259—260° (decomp.) (Found : Br, 21-4. 
C,H,,N,BrS, requires Br, 21-2%). The original benzene extracts were evaporated and the residual oil 
(4-6 g.) distilled with steam to remove unchanged 2-methylbenzothiazole. The non-volatile portion was 
treated with dilute hydrochloric acid and ether, to give a bright yellow solid (0-025 g.), which was filtered 
off and washed with ether. The ether, on evaporation, left a small quantity of a sticky residue from which 
2 : 3-dihydro-3-methylbenzothiazole-2-thione (0-01 g.) was isolated. The ether insoluble solid was identi- 
fied as methin({2-benzothiazole}[2-(3-methyldihydrobenzothiazole} hydrochloride. 


The authors thank the Directors of Ilford Limited for permission to publish this paper, Dr. J. Ross and 
Miss R. E. Poole for some of the preliminary experimental work, and Miss M. I. Anthony and Miss W. 
Rhodes for the semi-microanalyses. 
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375. The Action of Heat on Heterocyclic Bases Containing an Alkyl- 
thio-grouping. Part I. 2-Alkylthiobenzothiazoles and 2-Alkylthio- 
benzoxazoles. 

By D. J. Fry and J. D. Kenpatt. 


2-Methylthiobenzothiazole and 2 : 3-dihydro-3-methylbenzothiazole-2- 
thione on boiling undergo pyrolysis to give, amongst other products, benzo- 
thiazole and 2-methylbenzothiazole. Pyrolysis of 2-ethylthiobenzothiazole 
also gives benzothiazole and 2-methylbenzothiazole, but no detectable 
amount of 2-ethylbenzothiazole. The last can be readily identified by 
condensation with 2-methylthiobenzothiazole and methyl toluene-p- 
sulphonate, not only the expected 3: 3’: 8-trimethylthiacyanine but also 
the 3 : 3’-dimethylthiacyanine being obtained. 

2-Methylthio- and 2-ethylthio-benzoxazoles on boiling yield the isomeric 
thiones but no benzoxazole or 2-methylbenzoxazole. 


DuRING experiments involving the preparation of 2-methylthiobenzothiazole methotoluene-p- 
sulphonate from 2-methylthiobenzothiazole (I) and methyl toluene-p-sulphonate by fusion 
at temperatures from 140° to 180°, it was noted that the fusion mixture became yellow. From 
the melt, in one experiment, a minute quantity of a 3: 3’-dimethylthiacyanine (VII) was 
isolated. This dye was not obtained from pure 2 : 3-dihydro-3-methylbenzothiazole-2-thione 
(II) or from (I) which had been purified either by distillation under reduced pressure or by 
recrystallisation from light petroleum. It was assumed, therefore, that dye formation was due 
to traces of 2-methylbenzothiazole (III) formed in the distillation of (I) at normal pressures 
and that prolonged boiling of purified (I) would yield larger quantities of (III). 

When (I) was boiled it was observed that the boiling point rose gradually until it approached 
that of (II), and after 30 hours the liquid was/found to consist mainly of (II) with small 
quantities of (III), benzothiazole (IV), and 2-mercaptobenzothiazole (V). The thione (II) on 
pyrolysis also gave (III), (IV), and (V), but no (I). i 
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Of these compounds, only (III) gives a thiacyanine dye on fusion with (I) and methy] toluene- 
p-sulphonate. Reed, Robertson, and Sexton (J., 1939, 473) recorded the isomerisation of (I) 
to (II) when the thioether was heated in the presence of traces of iodine or methyl iodide, but 
apparently obtained no other compounds. 

The formation of the thione (II) from (I), and of (III), (IV), and (V) from both (I) and (II) 
by heating, is remarkable and permits of no simple explanation. It is suggested that (II) is 
formed as the primary product from (I), possibly by a free-radical mechanism, and that the other 
compounds are pyrolytic products of (II). Méhlau and Krohn (Ber., 1888, 21, 60), by boiling 
dimethylaniline with sulphur, were the first to prepare (II) although they assigned an incorrect 
structure to it (see Mills, Clark, and Aeschlimann, J., 1923, 123, 2362). They also obtained (IV) 
in the same reaction and, since (IV) was produced by boiling (II) with sulphur, assumed that 
(II) was formed initially from dimethylaniline and sulphur and converted into (IV) by subsequent 
heating with more sulphur. From our experiments, sulphur appears unnecessary for the 
conversion of the thione into benzothiazole. A re-examination of Méhlau and Krohn’s reaction 
also showed that the benzothiazole fraction obtained contained both (III) and (V). 

The pyrolysis of purified 2-ethylthiobenzothiazole occurred more readily than that of (I), 
but the products were not all clearly defined. After 12 hours’ boiling, in addition to appreciable 
quantities of (IV) and (V), small amounts of 3-ethyl-2 : 3-dihydrobenzothiazole-2-thione and 
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(III) were obtained. No unchanged thioether was recovered, nor was any 2-ethylbenzothiazole 
(VI) detectable via the thiacyanine condensation below, which experiments showed would 
reveal traces of (VI) in the presence of (III) and (IV). 

When purified (VI) was fused with (I) and methyl toluene-p-sulphonate the melt became 
orange and when heated with pyridine gave a mixture of two cyanine dyes. One, formed in 
lower yield, gives a pale yellow ethanolic solution, whilst the other, which is more soluble, gives 
a deep yellow solution. The former was identified, via its bromide, as 3 : 3’-dimethylthia- 
cyanine bromide (VII; X = Br), and the latter via its iodide as 3 : 3’ : 8-trimethylthiacyanine 
iodide (VIII; X = I). 
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Although other authors (Brooker, B.P. 439,857; Gétze, Z. angew. Chem., 1936, 49, 563; 
Kiprianov and Grigor’eva, Chem. Abs., 1940, 34, 3274) have prepared cyanine dyes from (VI), 
and in some cases have obtained two dyes, the isolation. of an unsubstituted monomethin- 
cyanine has not been reported. 

The formation of the 3 : 3’-dimethylthiacyanine dyes from 2-ethylbenzothiazole is surprising, 
and a fuller investigation of the reactions of 2-ethylbenzothiazole and related compounds will 
be the subject of a subsequent communication. 

Comparative experiments on the action of heat on 2-methylthiobenzoxazole and 2-ethyl- 
thiobenzoxazole indicated that the oxazole ring was more sensitive than the thiazole ring. 
Some thione was obtained in each case, but no benzoxazole or 2-methylbenzoxazole. There 
was also much decomposition product which could not be identified. 


EXPERIMENTAL. 


3 : 3’-Dimethylthiacyanine Iodide from Redistilled 2-Methylthiobenzothiazole.—Pure 2-methylthio- 
benzothiazole, m. p. 46°, redistilled at normal pressures, had b. p. 291—300°. A portion (15 g.) and 
methyl toluene-p-sulphonate (16 g.) were heated together at 185° for 6 hours. The yellowish melt was 
dissolved in hot ethanol (400 c.c.), and triethylamine (22 c.c.) added. After boiling for 1 hour the 
solution was diluted with water, and potassium iodide (22 g.) was added. The solution was extracted 
with chloroform, which was then distilled off, and the residue diluted with benzene, giving a yellowish- 
brown solid, which, after being washed with methanol, left yellow crystals (0-01 g.). The sensitising 
action of these crystals on a gelatino-silver chloride emulsion was identical with that of authentic 
3 : 3’-dimethylthiacyanine iodide. 

Pure 2-methylthiobenzothiazole and methyl toluene-p-sulphonate gave no dye under the same 
conditions. 


Pyrolysis of 2-Methylthiobenzothiazole.—The compound (25 g.; b. p. 140—144°/6 mm.) was heated 
for different periods. (1) 12 Hours’ gentle boiling. e liquid, which slowly darkened, consisted mainly 
of unchanged 2-methylthiobenzothiazole (15-54 g.), b. p. 112—118°/2 mm., and the isomeric thione, 
b. p. 118—165°/2 mm. (5-75 g.), m. p. 90° (pale yellow blades from methanol). 


(2) 20 Hours’ gentle boiling. Two fractions were collected : (i) b. p. 60—150°/1 mm., (ii) b. p. 155— 
65°/1 mm. The former (3-6 g.) was dissolved in ether and extracted with N-hydrochloric acid 
43 x 20 c.c.), and the acid extracts were basified, to give an oil (1-45 g.), b. p. 226°/760 mm., identified 
as benzothiazole via its sulphate, m. p. 157°, yl gr m. p. 167° (Found: C, 42-9; H, 2-2; S, 8-75. 
Calc. for C,H,NS,C,H,O,N,: C, 42-8; H, 2-2; S, 8-8%). ker (J. Soc. Chem. Ind., 1936, 55, 2287) 

ives sulphate, m. p. 157°, and picrate, m. p. 176°. Ochiai and Nishizawa (J. Pharm. Soc. Japan, 1940, 
&0. 132) give picrate, m. p. 168°. Although the oil gave pure derivatives of benzothiazole it contained a 
trace of 2-methylbenzothiazole (see below). The ethereal solution on evaporation left 2-methylthio- 
benzothiazole (1-42 g.), m. p. 45°.. 

Fraction (ii) (14-25 g.) which solidified on cooling was separated by 2-5n-sodium hydroxide (20 c.c.) 
into 2: 3-dihydro-3-methylbenzothiazole-2-thione (13-22 g.) and 2-mercaptobenzothiazole (0-46 g.), 
m. p. 178°. 

(3) 30 Hours’ vigorous boiling. The dark viscous liquid on distillation at 1 mm. gave benzothiazole 
(7-49 g.), the thione (8-22 g.), 2-mercaptobenzothiazole (0-75 g.), and a large amount of tarry residue. 

Detection of 2-Methylbenzothiazole in the Bexzothiazole Fraction from the Pyrolysis of 2-Methylthio- 
benzothiazole.—1-8 G. of the fraction, b. p. 226°/760 mm., obtained in (2) above were mixed with 2-methyl- 
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thiobenzothiazole (2-16 Gp ant methyl tolu te (4-7 g.), and the mixture was heated at 
130—140° for 3 hours. e yellow melt was dissolved in pyridine (30 c.c.), and the solution boiled 
(30 minutes) and red into a warm solution of potassium bromide (12 g.) i 50% aqueous methanol 
(60 c.c.). The solid (0-08 g.) which separated on cooling was collected, washed with ethanol, hot benzene, 
and ether, and recrystallised from methanol ete - to give yellow needles ( oo Gh. = Pp. 203—294° 
(decomp.) alone or admixed with authentic 3 : 3’-dimethylthiacyanine bromide and 
photographic sensitising spectra of the dye in ethanol solution were also identical with that of the thia- 
cyanine. 

Pyrolysis of 2: 3-Dihydro-3-methylbenzothiazole-2-thione.—2 : gn. tee pee td 
thione (20 g.) was boiled for 10 hours, the liquid rapidly darkening, and methanethiol and h 
sulphide were evolved. Distillation at 25 Te ye two fractions, (i) an oil (12-17 g.), b. p. 110—200°, 
which partly solidified, and (ii) a solid (4-7 §),> . 200—220°. From (i) by the procedure outlined 
above, a benzothiazole fraction (2-72 g.) and the thione were isolated, whilst (ii) gave the thione and 
2-mercaptobenzothiazole (0-52 g.). 

Tests for the Presence of 2-Methylbenzothiazole in the Benzothiazole Section. —The benzothiazole 
fraction (0-32 g.), 2-methylthiobenzothiazole (0-38 g.), and methyl toluene-p-sulphonate (0-85 g.) were 
heated together at 140° for 3} hours. The yellow melt was dissolved in pyridine (5 c.c.), and the solution 
boiled for 15 minutes and poured into a oibelien of potassium bromide (2 g) in water © c.c.), to give 
yellow needles (0-02 g.) of ery ‘-dimethylthiacyanine bromide, m. p. 293— (decomp.). 

Under the same experimental conditions, 2-methylbenzothiazole (0-32 g.) gave 0-54 g. (79%) of 
3:3’ -dimethyithiacyanine bromide, indicating that the benzothiazole fraction from the thione pyrolysis 
contained at least 4% of 2-methylbenzothiazole. 

Reaction between Dimethylaniline and Suilphur.—Dimethylaniline (100 g.) and sulphur (130 g.) were 
boiled together for 12 hours, and the reaction mixture wor up as described by Méhlau and hn 
(loc. cit.). From the crude thione alkali-soluble 2-mercaptobenzothiazole (0-5 g.) was isolated. A 
portion (1-35 g.) of the benzothiazole fraction obtained (b. p. 228°) was treated with 2-methylthiobenzo- 
thiazole (1-81 g.) and methy] toluene-p-sulphonate (3-72 g.) to give 3 : 3’-dimethylthiacyanine bromide 
(0-03 g.). 

Pyrolysis of 2-Ethylthiobenzothiazole.—Redistilled 2-ethylthiobenzothiazole (25 g.; b. p. 148— 
50°/6 mm.) was boiled for 12 hours. The solution rapidly darkened and the dark viscous liquid (which 
smelled of hydrogen sulphide) was ean t to yield (i) (5-6 g.), b. p. 162—170°/20 mm., (ii) (0-93 g.), 
b. p. 170—220°/20 mm., (iii) (2-15 g). b. p. 200—215°/3 mm. Veolidified), and a dark pitch-like 
residue. This residue consisted of i-soluble 2-mercaptobenzothiazole (2-7 g.) and an insoluble 
unidentified black solid (4-8 g.). 


From (i) and (ii) a colourless oil (5 g.), b. p. 91°/3 mm., 227°/760 mm., was obtained which, with 
picric acid gave an excellent yield of benzothiazole picrate, whilst (iii) yielded 3-ethyl-2 : 3-dihydrobenzo- 
thiazole-2-thione (0-76 g., after crystallisation), m. p. 75—76°, and 2-mercaptobenzothiazole (0-6 g.). 


Similar results were also obtained when the pyrolysis was carried out for 5 hours except that a larger 
amount of mercaptobenzothiazole (4-6 g.) was isolated and some unchanged thioether (4:5 g.) was 
recovered from the distillate by extraction of its benzene solution with concentrated hydrochloric acid 
(2-ethylthiobenzothiazole is soluble in concentrated but not in dilute mineral acids; cf. 2-methylthio- 
benzothiazole, Hofmann, Ber., 1887, 20, 1791). 

Detection of riage gum eee & in the Benzothiazole Fraction.—The fraction (2-44 g.), b. p. 
227°/760 mm., from the Pe. er of 2-ethylthiobenzothiazole was fused at 130—140° for 34 hours with 
2-methyithiobenzothiazo and methy] toluene-p-sulphonate (5-6 g.). From the y melt, by 

Spy or seam we already poke , a dye (0-19 g.) was obtained identical in all respects with authentic 

3'-dimethylthiacyanine bromide. 

“3: 3’-Dimethyl- and 3: 3’: tr yp pry cae a —_ i eT tee te ee 
thiazole (1-63 g). picra Clarke, J., 1928, 2320, gives m. p. 
138°), Petty thiobenzothiazo 
at 140° for 3 hours. The ora 


decomp. ) identical with authentic 3: 3’-dimeth Ithiacyanine omits (Found : C, 52 a8, | H, 4-2; 

S, 16-6. Calc. for C,,H,,N,BrS,: C, 52-15; H, 3-9; S, 16-4. Calc. for C,,H,,N,BrS,: C, 53-3; H, 
4-2; S, 15-8%). Addition of potassium iodide (4 g. in 40 c.c. of water) to the filtrate gave slowly an 
ochre-yellow precipitate of 3 : 3’: 8-trimethylthiacyanine iodide (0-5 g.), m. p. 247° (decomp.), which 
crystallised from methanol as ore © +29 g.), m. p. 252° Pe ) (Found: C, 48-05; H, 3-8; 
S, 14-2; I, 27-8. Calc. for C aIS,: C, 47-8; H, 3-5; S, 14:2; I, 28-05%). Kiprianov and 
Ushenko (Chem. Abs., 1950, “4: $73 3) give =, p. 237° (decomp. ). A solution of the ayes in ethanol was 
deep yellow and had an absorption maximum at 4675 4., ¢ = 51,000 (cf. 3 : 3’-dim ogee 
iodide, absorption maximum at 4200,., ¢ = 66,400). Incorporated in a ‘quamanalieer 

emulsion the dye gave a zone of extra spectral sensitivity with a maximum at 4900 a. Unlike ool solid 
3 : 3’-dimethylthiacyanine iodide which exhibits a green fluorescence when ex to ultra-violet light 


and a bright blue fluorescence when absorbed on filter paper, 3 : 3’ : 8-trimethylthiacyanine iodide exhibits 
no fluorescence. 


From a inixture of benzothiazole with 5% of 2-ethylbenzothiazole, bot. 3 : 3’-dimethyl- and 3 ; 3’ : 
trimethyl-thiacyanines dyes were also isola’ 


Pyrolysis of 2-Methylthiobenzoxazole. s aaiaiadiednaitidiatith (25 g.) was boiled for 20 hours. The 


ss on distillation under diminished pressure, gave unchanged 2-methylthiobenzoxazole (13-6 g.), 
p. 148—52°/20 mm., and impure 2 : 3-dihydro-3-methylbenzoxazole-2-thione (5-92 g.), b. p. 200— 
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210°/20 mm., which crystallised from ethanol (100 c.c.) as colourless needles (3-98 g.), m. p. 130° (Seidel, 
J. pr. Chem., 1890, 42, 452, gives m. p. 128°). 

Pyrolysis of 2-Ethylthiobenzoxazole.—2-Ethylthiobenzoxazole (25 g.) was boiled for 20 hours. The 
thick black liquid was distilled at 1 mm. pressure. Fractions collected were: (i) an oil (0-04 g.), b. p. 
60— 100°, eo oil (3-22 g.), b. p. LOO—140°, (iii) a solid (3-63 g.), b. p. 140—160°, and (iv) aresin (6-2 g.), 
b. p. 160—220°. From (i), (ii), and (iii) unchanged 2-ethylthiobenzoxazole (0-66 g.), b. p. 230-——-240°, and 
3-ethyl-2 : 3-dihydrobenzoxazole-2-thione (2-42 g.) were isolated. From (iv) a phenolic compound, 
m. p. 160—162°, soluble in hot aqueous ethanol (1 part of water; 2 parts of ethanol) and an insoluble 
neutral compound, m. p. 192°, were obtained. These compounds were not identified. 


The authors are indebted to the Directors of Ilford Limited for permission to publish this paper, 
to Dr. J. Ross for some of the preliminary experimental work, and to Miss I. Anthony and 
Miss W. Rhodes for the semi-micro-analyses. 
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376. The Oxidation of Phenols with the Free Hydroxyl Radical.* 


By STanLey L. CosGrove and WILLIAM A. WATERS. 


p-Cresol, m-4-xylenol, m-2-xylenol, and mesitol have been oxidised with 
hydrogen peroxide in the presence of acidified ferrous sulphate in either 
water or 20% acetic acid solution, and their simpler oxidation products have 
been isolated and identified as far as possible. 

p-Cresol gives dimeric products identical with those obtained by Pummerer 
(Ber., 1922, 55, 3116; 1925, 58, 1808) by alkaline ferricyanide oxidation, 
and m-4-xylenol oxidises similarly. m-2-Xylenol gives 3: 5: 3’ : 5’-tetra- 
methyl-4 : 4’-diphenoquinone, the corresponding 4: 4’-diphenol and also 
2: 6-dimethylquinol; mesitol gives two diphenols, one of which has been 
definitely identified as 4: 4’-dihydroxy-3: 5: 3’: 5’-tetramethyldiphenyl- 
methane. Unsuccessful attempts have been made to identify the second 
product by synthetic methods. 

It is concluded that this oxidation of phenols involves the formation of free 
aryloxy-radicals which, being mesomeric systems, then dimerise by union at 
any of the possible atomic centres near which the odd electron may become 
localised. 


A stupy of the reactions of phenols with free radicals is of fundamental importance in 
connection with the elucidation of the modes of action of phenolic substances in inhibiting 
autoxidation and olefin polymerisation. 

We have recently shown (J., 1949, 3189) that when phenols react with benzoyl peroxide in 
hot chloroform solution the distinctive reaction is the introduction of a benzoate group into the 
aromatic nucleus in an ortho-position to the hydroxyl group, though often a migration of a 
benzoyl group occurs as well. ortho-Attack is also the first stage in the oxidation of phenols 
with peracetic acid (Boeseken and Metz, Rec. Trav. chim., 1935, 54, 345) and by air in the 
presence of the enzyme, tyrosinase (Pugh and Raper, Biochem. J., 1927, 21, 1370), whereas 
other oxidations of phenols have given dimeric or polymeric products. Thus diphenols result 
from electrolytic oxidation (Fichter and Stocker, Ber., 1914, 47, 2003; Fichter and Ackermann, 
Helv. Chim. Acta, 1919, 2, 583) and also from some oxidations with neutral potassium 
persulphate (Raudnitz, Ber., 1930, 63, 517), ferric chloride (Bowden and Reece, J., 1950, 2249), 
or alkaline potassium ferricyanide. It has been suggested that the latter processes involve 
mesomeric free phenolic radicals (Pummerer ef al., Ber., 1914, 47, 1472, 2957; 1919, 52, 1414; 
1922, 55, 3116; 1925, 58, 1808), and since such free radicals can be obtained quite simply by 
treating aromatic compounds in aqueous solution with hydrogen peroxide and a ferrous salt 
(Merz and Waters, J., 1949, 2427) it was of interest to study the oxidation of substituted phenols 
with this reagent. Goldhammer (Biochem. Z., 1927, 189, 81) obtained catechol, pyrogallol, and 
purpurogallin from phenol by this oxidation, and Chwala and Pailer (J. prakt. Chem., 1939, 
152, 45) obtained about equal yields of quinol and catechol. From the cresols Ono and Oyamada 
(Bull. Soc. chim., Japan, 1936, 11, 132) obtained only dark complexes containing iron. 

* The major part of this paper was read (by W. A. W.) at the Philadelphia meeting of the American 


Chemical Society in April, 1950. We thank the American Chemical Society for granting permission to 
us to publish the extended work in England. 
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We have adopted the more convenient simultaneous addition technique of Merz and Waters, 
which can be justified on theoretical grounds, for our phenol oxidations, and by working in 
dilute sulphuric acid solution we have avoided the production of iron complexes. Our main 
reaction products are phenol dimers, which can be separated by distillation at low pressure 
and correspond to the oxidation products obtained by Pummerer (Ber., 1922, 55, 3116; 1925, 
58, 1808) by the use of alkaline potassium ferricyanide. Thus p-cresol yields a mixture of 
the tetrahydroketodibenzofuran derivative (I) and 2: 2’-dihydroxy-5 : 5’-dimethyldiphenyl 
(II), which were also obtained from p-cresol by Westerfield and Lowe (J. Biol. Chem., 1942, 
145, 463) by the use of hydrogen peroxide and a peroxidase catalyst, and more recently by 
Bowden and Reece (loc. cit.) by the prolonged action of neutral ferric chloride. 


y ow . Me Me 
NASS 4 \ 
(I.) oO: | IMe OC) (II.) 
WS \ 
H H 
Our work thus accords with the view that there is a close connection between peroxidase- 
‘catalysed reactions and oxidations involving hydroxyl radicals, and fully substantiates the 
view expressed by Pummerer and his co-workers that phenols oxidise via mesomeric radicals, 


such as (III; canonical forms, a, b, and c), which can dimerise by coupling at any of the possible 
localities at which the odd electron may be found. Thus (I) arises from (IIIa + IIIc) and (II) 


from (IIIb) : 

Me e 

\ \ ‘ 
(IIta.) ¢. GO (ITTb.) 6 (IIe. 


Homocatechol could not be isolated as a reaction product from p-cresol; it would probably be 
further oxidised and destroyed in the course of the reaction. It was noticeable that the relative 
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Full curve = ketonic product (1) from p-cresol (Amax. 2,200; 3,000. max. 19,100; 3,550). 
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Dotted curve = oxidation product from m-4-xylenol (Amex. 2,210; 2,835. max. 19,900; 3,550). 


yields of (I) and (II) were appreciably different when the reaction was carried out in 20% acetic 
acid instead of in water. 

m-4-Xylenol (2 : 4-dimethylphenol) on oxidation in 20% acetic acid gave mainly 2: 2’-di- 
hydroxy-3 : 5 : 3’ : 5’-tetramethyldiphenyl, corresponding to the dimer (II), and a very small 
proportion of a non-phenolic compound which, judged by its ultra-violet absorption spectrum 
(cf. figure), may be a homologue of (I). m-2-Xylenol (2: 6-dimethylphenol) however gave 
3:5: 3’: 5’-tetramethyl-4 : 4’-diphenoquinone, together with the corresponding quinol, 4: 4’- 
dihydroxy-3 : 5 : 3’ : 5’-tetramethyldiphenyl, and 2 : 6-dimethylquinol. 
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These products indicate that the blocking of the ortho-positions favours para-coupling. 

The oxidation of mesitol (2:4: 6-trimethylphenol) in 20% acetic acid solution gave a 
mixture of two diphenols which, after isolation by vacuum distillation, were separated by 
fractional crystallisation of their diacetates. The minor product, m. p. 173° (identical with a 
minor product of the oxidation of mesitol with benzoyl peroxide at 100°), was identified as 
4: 4’-dihydroxy-3 : 5 : 3’ : 5’-tetramethyldiphenylmethane, by a direct synthesis of the latter 
from m-2-xylenol and formaldehyde (Auwers, Ber., 1907, 40, 2524). The major product, m. p. 
152°, which formed a diacetate, m. p. 132°, may be identical with a compound obtained by 
Fries and Brandes (Annalen, 1939, 542, 48) by the treatment of (IV; X = Br) with ice-water. 
They suggested tentatively that their product might have the unsymmetrical structure (V), 
but failed to establish this conclusively. 


CH, .X 


Ao 


£) ae Ox 


(IV.) cH,\ )cH, (V.) 


8) 


We have not been able to establish the structure of our major product conclusively, 
but by synthetic work we have been able to eliminate a number of plausible structures ; 
thus: (a) The symmetrical dibenzyl compound (VI), m. p. 167°, was prepared by the reduction 
of the red-purple stilbenequinone (VII). The latter was obtained by oxidation of mesitol with 
moist silver oxide (cf. Porter and Thurber, J. Amer. Chem. Soc., 1921, 48, 1194), but was not 
a product of the oxidation with Fenton’s reagent. 


Me Me Me 

\ ZS os CH-C 
Hot S Ncu, CHC Sox O=_)=CH CH <_>=0 

Me (VI.) ~Me Me (VIL) “Me 


(b) The ortho—ortho (to the hydroxyl groups) coupled isomer of (VI) has veen described by 
Fries (loc. cit.) as having m. p, 167°, and forming a diacetate, m. p. 125°. 

(c) Although the production of 3 : 3’-dihydroxydimesityl seemed unlikely we synthesised it 
from 3: 3’-diaminodimesityl (Moyer and Adams, J. Amer. Chem. Soc., 1929, 51, 632; Adams 
and Joyce, ibid., 1938, 60, 1490); it had m. p. 161° and formed a diacetate, m, p. 134°. 

(d) The coupling of two mesitol residues in the positions para or ortho to the hydroxy-group 
to give quinonoid products, such as (VIII) or (IX), is quite possible in view of the course of 
oxidation of p-cresol, and of the oxidation of mesitol with benzoyl peroxide to give a nearly 
quantitative yield of (IV; X = O-CO-Ph) (Cosgrove and Waters, J., 1951, 388). In the acid 
solutions which we have used the consequent rearrangements of (VIII) to (X) and of (IX) to 


Me Me 


(VIII.) OH A>? 


Me Me 
(S Me Me? 
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(XI) might be expected. The synthesis of (X) is not very practicable but we have synthesised 
(X1) by oxidation with ferric chloride of pseudocumenol (Auwers, Ber., 1884, 17, 2976), prepared 
from pseudocumene. The product had m. p. 172°, as described by Bamberger (Ber., 1903, 36, 
2038), and formed a diacetate, m. p. 137°. 

Other possible structures can be envisaged by postulating reactions involving migrations, 
or losses, of methyl groups, and since our micro-analytical data for the major product of the 
oxidation of mesitol are equally consistent for C,,H,)(OH), and C,,H,,/OH), the possibility of 
demethylation, as must occur in the concurrent formation of the minor product, cannot as yet 
be ignored. 
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Though the results obtained from our study of the oxidation of mesitol are not quite clear, 
nevertheless they are significant, for they show that the blocking of all positions ortho and para 


to a hydroxyl group in a phenol does not prevent the occurrence of far-reaching free-radical 
reactions. 


EXPERIMENTAL. 


Oxidation of p-Cresol.—3% Hydrogen peroxide solution (150 ml.; 0-75 mol.) and ferrous sulphate 
solution (150 ml.; 0-1 mol.) were simultaneously added, dropwise, to a mechanically stirred solution of 
p-cresol (18 g.; 1 mol.) in 0-2n-sulphuric acid (11.). After some hours, the mixture was extracted with 
ether, and the extracts were evaporated and then steam-distilled to remove unchanged cresol (12-2 g.). 
There remained a brown resin which was collected and distilled at 0-1-mm. pressure from an oil-bath at 
200—220°. The thick distillate (2 g.) was extracted with 5% sodium ——— solution and so ee 
into the tetrahydroketodibenzofuran (I) (0-7 g. 13%), m. p. 122° (phenylhydrazone, m. p. 182°), and 
2 : 2’-dihydroxy-5 : 5’-dimethyldipheny] (II) (1-07 g., 20%), m. p. 153°. The swe | as me of all three 
compounds were unchanged after admixture with authentic specimens i y Pummerer and 
Raudnitz’s methods (Joc. cit.). In the absence of sulphuric acid only a jet-black powdery resin was 
obtained (cf. Ono and Oyamada, Joc. cit.). When only traces of ferrous sulphate were used was no 
appreciable reaction; with as much as 0-5 mol. of ferrous sulphate the yields were lower, #e. 8% of 
ketone and 11% of the dicresol. Ferric salts alone, in acid solution, gave only traces of these same 
products. When 20% acetic acid was used as the solvent, together with the original proportions of 


sulphuric acid, hydrogen peroxide, and ferrous sulphate, the yields were 18% of ketone and 14% of 
dicresol. 


Oxidation of m-4-Xylenol.—m-4-Xylenol (30-5 g.) in 20% acetic acid made 0-2n. with respect to 
sulphuric acid was oxidised with similar proportions of hydrogen peroxide and ferrous sulphate. The 
ty oy oe was separated by vacuum distillation, into unchanged xylenol (6 g.), 2: eee 

: 5: 3’: 5’-tetramethyldiphenyl (13 g.; m. P. 134°, after crystallisation from xylene) (Found: C, 79-4; 
H, 7:-4%; M, 238. C,,H,,O0, requires C, 79-3; H, 7-4%; M, 242), and non-phenolic material (3 g.). 
The diphenyl gave a diacetate, m. p. 107-5° (Found: C, 72-9; H, 6-8. CyoH,,0, requires C, 73-6; H, 
6-8%). Contrary to the statements of Bamberger (Ber., 1907, 40, 1926, 1952) dehydration of the diphenol 
into a dibenzofuran derivative did not take place even on heating it to 400° in the presence of zinc dust. 


The non-phenolic material, after repeated crystallisation from methyl alcohol, in which it was 
sparingly soluble, gave a dimeric compound, C,gH,,O0, (0-2 g.), m. p. 166° (Found: C, 79-4; H, 7:1. 
C,,H,,0 or hana C, 79-3; H, 74%). This was stable to a boiling mixture of hydrochloric and acetic acids, 
and neither ormed a phenylhydrazone nor was reduced catalytically ( ised charcoal) in ethyl alcohol 


solution by the use of hydrogen at room temperature and pressure. Its ultra-violet absorption — 
(I). 


(see figure) nevertheless showed marked similarities to that of the tetrahydroketodibenzofuran 


Oxidation of m-2-Xylenol.—This compound (12-2 g.) was oxidised in a similar way to its isomer. 
The organic products were collected in ether, and the red, insoluble 3 : 5 : 3’ : 5’-tetramethyl-4 : 4’-di- 
phenoquinone (1-5 g.) was removed ¥ filtration. It crystallised from glacial acetic acid in needles, 
m. p. 210—215° (decomp.) (Found: C, 79-7; H, 63. Calc. for C,,H,,O,: C, 80-0; H, 6-7%). The 
ethereal solution was evaporated and the residue was steam-distilled." A little potassium iodide was 
added to the distillate, which was then saturated with sulphur dioxide and left overnight. Unchanged 
xylenol (6-0 g.) was removed from this mixture by steam-distillation, and the residue yielded 2 : 6-di- 
methylquinol (0-8 g.) as needles, m. p. 148—149° (from xylene). For comparison, an authentic 
specimen of the latter was prepared by converting m-2-xylenol into 4-hydroxy-3 : 5-dimethylbenzyl 

cohol with formaldehyde by Bamberger’s method (Ber., 1903, 36, 2028), oxidising this to 2 : 6-dimethyl- 
tec pone aces with hot aqueous ferric chloride, and then reducing the quinone to the dimethylquinol. 
he two specimens had identical properties. 


The material from the original oxidation which did not distil in steam was collected in ether and 
distilled at 0-05 mm. (bath-temp. 150°). It yielded 4: 4’-dihydroxy-3 : 5 : 3’ : 5’-tetramethyldiphenyl, 
which crystallised from xylene in needles, m. p. 218°. This same product was also obtained by reducing 
the red diphenoquinone with zinc dust in boiling = acetic acid solution. It was also obtained by 


oxidising m-2-xylenol with benzoyl peroxide in boiling chloroform solution (Cosgrove and Waters, 
J., 1951, 388). 


Oxidation of Mesitol.—Mesitol (27-2 g.) was oxidised in 20% acetic acid solution in the foregoing 
manner. The products were collected in ether, dried, and steam-distilled to remove unchanged mesitol 
(8-0 g.). The residue was distilled at 0-05 mm. from a bath at 180° and gave a brown gummy distillate 
which solidified on being rubbed with xylene. The crude material (9-4 g.) was acetylated by refluxing it 
with an excess of acetic anhydride and fused sodium acetate, and the mixed acetates were separated by 
fractional crystallisation from methanol. 


The less soluble acetate (0-5 g.) formed needles, m. p. 143° (Found: C, 74-7; H, 6-9. Calc. for 
C,,H,,O,: C, 74:1; H, 7-1%). Its m. p. was not depressed by an authentic specimen of 4 : 4’-diacetoxy- 
3:5:3': pth magn oy nar be pee te (see below). Hydrolysis with 10% aqueous sodium hydroxide 
solution containing a little alcohol yielded the co nding diphenol, which crystallised from methanol 
as needles, m. p. 172°; this m. p. was unchan; after admixture with authentic 4: 4’-dihydroxy- 
F, ; 8%) 5’-tetramethyldiphenylmethane (Found : C, 79-8; H, 7-9. Calc. for C,,H,,O,: é. 79-7; 

, 0}: 


The main product of the acetylation (4-8 g.) formed needles, m. p. 132° (Found: C, 74:2; H, 7-4. 
CygHy,O, requires C, 746; H, 7-3. C,,HO, requires C, 74:1; H, 7-1%). Hydrolysis with 10% 
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sodium hydroxide solution containing a little alcohol yielded the conmepenans diphenol which 
crystallised from methanol in rods, m. p. 152° (Found: C, 79-8; H, 8-0. C,,H,,O, requires C, 80-0; 
H, 8-15. C,,H,,O, requires C, 79-7; H, 7-8%). No substituted quinone could be obtained from 
this diphenol by prolonged oxidation with moist silver oxide in benzene solution at room temperature. 


Both these diphenols were methylated, by using dimethyl sulphate and alkali at 80°, and gave 
gummy products. On oxidation with chromic acid in acetic acid solution the product from the diphenol, 
m. p. 172°, yielded material which gave a bright-red, granular dinitrophenylhydrazone, indicative of 
the oxidation of a diphenylmethane to a benzophenone derivative. The methylated product from 
the other diphenol did not give a similar oxidation product. 


Syntheses of Reference Compounds.—3 : 3’-Dihydroxydimesityl. Bromomesitylene (Org. Synth., 
Coll. Vol. II, 95) was converted into 3 : 3’-diaminodimesityl by the methods of Mayer, Adams, and 
Joyce (locc. cit.). The diamine (3-6 g.) in a mixture of sulphuric acid (9-9 g.), hydrochloric acid (3 ml.), 
and water (240 ml.) was diazotised with sodium nitrite (1-91 g.). The diazonium salt solution was 
steam-distilled and 3 : 3’-dihydroxydimesityl (2-5 g.) was collected inether. It was a, by distillation 
in vacuo and crystallised from aqueous methanol in pale yellow tablets, m. p. 161° (Found: C, 79-8; 
H, 84. C,,H,,O, requires C, 80-0; H, 8-15%). Its diacetate crystallised from aqueous alcohol as 
micro-hexagonal plates, m. p. 134° (Found : C, 75-2; H, 7-3. CygH,.O, requires C, 74-6; H, 7-3%). 


Di--cumenol. -Cumene was nitrated by Schultz’s method (Ber., 1909, 42, 3606), but in agree- 
ment with Fisher and Walling (J. Amer. Chem. Soc., 1935, 57, 1700) we found the yield of 5-nitro- 
pseudocumene to be much lower than that claimed by Schultz. The nitro-compound was reduced with 
tin and hydrochloric acid, and the resultant pseudocumidine, after distillation in steam, was purified by 
distillation under reduced pressure. It was converted into pseudocumenol, via the diazonium salt, by 
Auwers’s method (Ber., 1884, 17, 2976). Dimerisation of the pseudocumenol was effected by treatment 
with a threefold excess of 10% aqueous ferric chloride solution. Traces of the unchanged phenol were 
removed by steam-distillation, and the residue was collected by filtration. It crystallised from glacial 
acetic acid in needles, m. p. 171° (Found: C, 79-3; H, 8-0. Calc. for C,,H,,0,: C, 80-0; H, 8-15%). 
Its diacetate crystallised from methanol] in prisms, m. p. 137° (Found: C, 75-1; H, 7-4. Calc. for 
CygH,,0,: C, 74-6; H, 7-3%). 


4: 4’-Dihydroxy-3 : 5 : 3’ : 5’-tetramethyldibenzyl (V1). The stilbenequinone (VII) obtained from the 
oxidation of mesitol with moist silver oxide (Porter and Thurber, Joc. cit.) was quantitatively reduced 
to 4: 4’-dihydroxy-3 : 5: 3’: 5’-tetramethylstilbene with zinc dust in glacial acetic acid. Further 
catalytic reduction with hydrogen, Derick charcoal and an alcohol solution being used, gave a 
emmy y yield of the dibenzyl (VI) which — oy from benzene in needles, m. p. 168° (Found : 

, 79-9; H, 81. Calc. for C,,H,,0,: C, 80-0; H, 8-15%). Its diacetate crystallised from methanol in 
needles, m. p. 148°. Fries and Brandes (loc. cit.) report m. p. 167° and m. p. 150°, respectively. 


4: 4'-Dihydroxy-3 : 5:3’: b/-tetramethyldiphenylmethane. m-2-Xylenol (7-5 g.), 10% aqueous 
sodium hydroxide (15 ml.), and 40% formaldehyde solution (15 ml. y were heated to 100° for two hours 
in a sealed tube (cf. Auwers, Ber., (807, 40, 2528). The product (7-2 g.) was removed by filtration; it 
crystallised from benzene as needles, m. p. 171°. There was no depression of the m. p. on admixture 
with the product (m. p. 172°) obtained by the Fenton oxidation a mesitol (p. 1729). The diacetate 
crystallised from methanol in needles, m. p. 143°, and this was unchanged by admixture with the 
corresponding product from mesitol. 


We wish to report also that Dr. D. G. Jones, of Imperial Chemical Industries Limited (Billingham), 
has submitted to us for identification samples of diphenolic products which he has prepared by heating 
phenols with benzoyl peroxide at 100° in the absence of any solvent. From m-4-xylenol he obtained 
a diphenol, m. p. 135°, giving a diacetate, 7 109° (Found : C, 73-3; H, 6-7%); this we have identified 
as 2: 2’-dihydroxy-3 : 5: 3’ : 5’-tetramethyldiphenyl by mixed m. p. comparison with our own reaction 


products (p. 1729). From mesitol he obtained a diphenol, m. p. 172°, identical with our diphenol, 
4: 4’-dihy roxy-3 : 5: 3’ : 5’-tetramethyldiphenylmethane. Since we ourselves obtained rather different 
products by working in boiling chloroform solution (J., locc. cit.) it is evident that the exact courses of 
these free-radical oxidations of phenols are sensitively dependent upon the reaction conditions. 


We thank Messrs. Imperial Chemical Industries Limited (Billingham) and Messrs. Monsanto Ltd. 
for gifts of pure xylenols and mesitol. One of us (S. L. C.) thanks the Department of Scientific and 
Industrial Research for a Maintenance Grant. 


Tue Dyson Perrins LABORATORY, OXFORD. [Received, December 1st, 1950.) 
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377. The Formation of Ammonium Amalgam by Electrolysis. 
By R. J. Jonnston and A. R. UBBELOHDE. 


Conditions have been investigated under which amalgam formation takes 
place when solutions of ammonium sulphate are electrolysed with a mercury 
cathode. At room temperature there is definite evidence of amalgam form- 
ation at beyond about pH 4. This can be suppressed by adding impurities 
such as yellow ammonium sulphide, or by raising the temperature to about 
50°. In other respects the conditions for the formation of ammonium 
amalgam closely resemble those for the formation of potassium amalgam. 

Under conditions leading to amalgam formation prolonged electrolysis 
leads first to a pasty froth of amalgam, and then to a grey-black mass which 
eventually peptises to a colloidal suspension. The mechanical stability of 
the froth can be explained by the marked lowering in surface tension and the 
marked increase in surface viscosity which are observed when amalgam 
formation takes place. 


DvuRING a series of investigations on pseudometallic groupings (Ubbelohde, J., 1950, 1143; 
McDonnell, Pink, and Ubbelohde, J., 1951, 191), some of the problems connected with amalgam 
formation by the ammonium radical have been investigated. Salient facts from the large and 
rather chaotic variety of investigations on “‘ammonium”’ which were published from the 
mid-nineteenth century onwards are as follows : 

(i) The pasty mass which is obtained, for example, when sodium amalgam decomposes an 
ammonium salt contains gas bubbles, which approximately obey Boyle’s law (Routledge, 
Chem. News, 1872, 26, 211). In the present paper the view is developed that the pasty mass is 
an example of a froth. Results detailed below explain how this froth is stabilised mechanically. 

(ii) The lowering of the freezing point of mercury by the molecule NH, (Rich and Travers, 
J., 1906, 89, 872) suggests a metallic solute which is stable at least around the freezing point 
of mercury. For convenience the solutions will be described as amalgams. A tentative view 
subject to experimental verification is that the molecule NH, dissolves in the mercury, as do 
sodium and potassium, and gives up one s electron to the conduction band. Such metallic 
behaviour would correspond with the general hypothesis about the metallic valency of pseudo- 
metallic groupings (Ubbelohde, loc. cit.). Symbolically, 

NH, + (Hg) “7S NH +e. 
excess 


The molecule NH, dissolved in mercury may compactly be referred to as “‘ ammonium "’ though 
it must be stressed that the evidence for its existence is at present indirect. 

(iii) Amalgams of NH, stored for indefinite periods at —78° and then rapidly melted can 
reduce aqueous potassium iodate. But if the melts are stored for various periods around — 20° 
to —30° a progressive loss of reducing power has been reported, which has been identified 
(Deyrup, J. Amer. Chem. Soc., 1934, 56, 2594) with a progressive decomposition in the mercury 
solution according to the equation : 


2NH,;* +2e ——> H,+2NH, ....... . (2) 
(amalgam) 


We began the present investigation with the idea that when the ion NH,* is discharged at a 
mercury cathode the process 


Klan +6 MM 8s 8 te ee  & 
at surface of mercury in amalgam 


should occur at a rate depending on the current density used. By using sufficiently high current 
densities, reaction (2) can be made faster than reaction (1) even at room temperature. Under 
such circumstances increasing concentrations of ammonium should build up in the mercury. 
Various lines of evidence indicate that this actually appears to take place. However, with 
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increasing concentration of NH, in the mercury the concurrent decomposition process produces 
physical conditions which prevent convenient investigation of metrical parameters of ammonium 
such as the molecular volume or the electrical conductivity. Results so far obtained are never- 
theless of some interest, and are briefly recorded in the present paper. 

Five main lines of experimental investigation were pursued in considerable detail. 

(la) Solutions of ammonium sulphate were electrolysed at a mercury cathode. When the 
current was switched off, and the mixture set aside, the stored NH, decomposed to give ammonia 
which was evaluated by titration. Amalgam formation was also verified by testing the reducing 
power of the cathodic mercury for potassium iodate. 

(1b) The pH of the electrolyte solution was varied by adding ammonia or sulphuric acid. 
Various procedures showed that amalgam formation becomes important only at pH > about 5. 
Amalgam formation was completely suppressed by raising the temperature of the electrolyte 
to about 50°, or (at pH ~7°4) by adding a few drops of yellow ammonium sulphide in an attempt 
to poison the mercury surface. 

Parallel experiments carried out with solutions of potassium sulphate in place of ammonium 
sulphate gave closely similar behaviour with respect to the conditions under which amalgam 
formation occurred. 

(2) From measurements on sessile drops of mercury maintained as cathodes under solutions 
of ammonium sulphate a large decrease in surface tension was observed under conditions leading 
to amalgam formation. Under conditions where no amalgam formation occurs the change in 
surface tension of the mercury on applying a voltage was much smaller. Closely similar behaviour 
was shown by sessile mercury cathodes under solutions of potassium sulphate. 

(3) When a column of mercury in a cylindrical glass tube was covered with a solution of 
ammonium sulphate and made cathodic, a pronounced ‘“‘ wedge ’’ effect was observed under 
conditions where amalgam formation occurs. The wedge effect has been described more ex- 
tensively elsewhere (Johnston and Ubbelohde, Proc. Roy. Soc., 1951, A, 206,275). Briefly, when 
mercury in a glass vessel is covered with electrolyte, the familiar contact angle conditions at the 
mercury /glass/electrolyte interface are completely upset if the negative voltage of the mercury 
exceeds about 3 v. With more negative potentials, a wedge of electrolyte about 0°01 mm. 
thick at the base forces itself with apex downwards between the mercury and the glass, to a 
depth of severalcm. This depth ranges from about 1 cm. for magnesium sulphate to 10 cm. for 
potassium sulphate. It has been observed for the ions Li*, Na*, K*, Mg**, and Ba**, and 
is not observed for the ions Ag*, Zn**, Cd**, or OH,*. In the case of ammonium sulphate the 
depth of the wedge was as large as 16 cm. 

No wedge effect was observed with NH,* under conditions of temperature or pH where 
ammonium amalgam formation does not occur. 

(4) Measurements of the surface viscosity of a pool of mercury under solutions of ammonium 
sulphate were made with an oscillating-disc viscometer. When amalgam formation occurred, 
it was found that the surface viscosity increased much more rapidly for ammonium than for 
potassium amalgam, indicating a considerable difference in surface properties. 

(5) When a mercury cathode was subjected to continued electrolysis under a solution of 
ammonium sulphate and with conditions suitable for amalgam formation, the accumulating 
NH, gradually built up a sufficient concentration in the mercury to decompose fast enough to 
form a froth. With a suitable set-up froth-formation pushes part of the amalgam closer to the 
anode and increases the current density at this part. A progressively more concentrated amal- 
gam grows upwards and changes in appearance from smooth silver to grey, and finally to black. 
Gaseous decomposition products which accompany this increase of NH, concentration break 
up the grey and black masses. Finally at the parts nearest the anode the break-up leads to 
disruption to a colloidal suspension. 


EXPERIMENTAL. 


In each of the following experiments the mercury used was freshly acid-washed and triply distilled. 
Where necessary, distillation was direct into the evacuated apparatus. The mercury was covered with 
a fresh sample of electrolyte in each experiment. 


Analytical Assessment of the NH, Stored in the Amalgam.—(a) Electrolysis was carried out by using the 
cell shown in Fig. 1. Anode and cathode compartments were separated by narrow capillaries which 
acted as diffusion barriers. The total volume of electrolyte (0-1m-ammonium sulphate) in the cathode 
compartment could be read from the graduations. Froth formation at the cathode was suppressed by 
vigorous stirring of the mercury to facilitate escape of the gas bubbles. When electrolysis had been 
allowed to proceed for various periods, with currents ranging from 10 to 20 milliamps., the electrolyte 
in the cathode compartment was sampled for analysis after mixing. Illustrative results are given in 
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the first line of Table I. The current was then stopped, stirring of the mercury being continued. When 
— of the stored NH, was complete, as shown by cessation of bubble formation, the cathode 
electrolyte was again mixed and a further sample analysed. Both samples were titrated for alkali 


TaBie I. 
The storage of “ latent’’ NH, in a mercury cathode during electrolysis. 
(Results are in g.-equivs. x 10-*; pH of solution = 7-4; current = 20 milliamps.) 
NH, liberated into electrolyte as NH, before switching off 


NH, latent in mercury at instant of switching Off ............0.sse0e0000 
Total NH, corresponding with coulombs passed ............-c.esecerseeeee 


content by an accurate semi-micro-technique. The difference between the total ammonia in the cathode 
compartment before and after decomposition of the amalgam permitted calculation of the NH, “ latent ”’ 
at the moment of stopping the electrolysis (line 2 of Table I). The term “ latent ammonium ”’ is applied 
to that quantity of Nt 4 which exists in some form of combination with the mercury at the instant when 
porn is discontinued. During electrolysis the current passed was measured by — a hydrogen 
coulombmeter in series. An independent check on the accuracy of accounting for all the NH, liberated 
is obtained by comparing the sum of the figures in lines 1 and 2 with those in line 3. 


Fic. 2. 
Electrolytic cell for discharge pH experiments. 
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(6) When the pH of the solution of ammonium sulphate was ed, the ratio of the number of 
ions forming a mercury amalgam to the number disc ed directly at the surface was found to depend 
on the pH. This was investigated in a cell of the type illustrated in Fig. 2, in which the froth was left 
unstirred so as to retain as much as possible of any gas formed by decomposition of NH, within the 
mercury. The pH was adjusted page the appropriate acid or alkali and was measured externally 
by means of selected indicators. e a evolved at the surface of the mercury cathode ascended 
into the measuring burette at A and the volume was compared with the volume of the hydrogen in a 
sulphuric acid-platinum voltameter in series. By this means continuous records were obtained es 
electrolysis proceeded. To illustrate the results of a large number of measurements Fig. 3 gives the 
“ latent NH,” after passage of 24 coulombs, at room temperature as a function of pH. In the experi- 
ments illustrated the current used was 5—10 milliamps. In this case “ latent ammonium "’ is calculated 
from the hydrogen trapped by the mercury either as metallic ammonium or as bubbles in the froth which 
result from the decomposition of the NH,. Since some bubbles of hydrogen escape from the froth, icu- 
larly as the concentration of NH, increases, this procedure gives a lower limit to the total NH, which 
at some time has been combined in some form with the mercury. 

A similar curve obtained by using 0-1m-potassium sulphate is also plotted in Fig. 4. There is of 
course no froth formation in the case of potassium amalgam. Latent N i. was also detected in qualit- 
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ative confirmatory experiments by switching off and quickly drawing off the mercury. Samples of such 
mercury reduced acid potassium iodate solution. The equation assumed for this reduction was 6H,O + 
10,- + 6NH, —>6NH,* + I- + 3H,O + 60H-. The rate of decomposition and the manipulative 
difficulties involved made it impossible to use the method quantitatively at room temperature. Deyrup 
(loc. cit.) used it at low temperatures where the decomposition is slower. 


(c) When a few drops of yellow ammonium sulphide were added to the solution as a possible poison 
for the mercury surface, entry of NH, into the cathode mercury was entirely suppressed as shown in 
fig. 3. 


(d) The gas evolution method described above showed that at 50° electrolysis gave no latent NH, at 
S = 7-6. Entry of NH, into the cathode mercury appears to be suppressed at temperatures only a 
ittle above room temperature. 
Change in Surface Tension of Mercury when NH, is Deposited by Electrolysis.—The surface tension of a 
sessile drop of freshly purified mercury was measured under 0-1M-ammonium sulphate (AnalaR), of pH 
7-4, in an apparatus in which the mercury could be made progressively more cathodic (Johnston and 


Fic. 3. 


Fic. 4. 
Change in interfacial tension during electrolysis. 
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Ubbelohde, loc. cit.). To prevent the mercury from becoming anodic at any stage, which can lead to 
oxidation of the surface, a minimum voltage of 1 v. was pe to the drop before it was covered with 
electrolyte. With applied cathodic potentials of 1—3 v. the change in shape of the sessile drop is small 
and does not lend itself to very accurate measurements of changes in surface tension. The general effects 
are in accordance with the Lippmann—Helmholtz curve. But as soon as a critical negative _ 
greater than about 3 v. was applied to the mercury there was a marked change in shape of the — 
implying a large decrease in the interfacial tension mercury/electrolyte which then underwent litt 
further change on prolonged electrolysis (Fig. 4). Closely similar behaviour has previously been observed 
with solutions of potassium sulphate (Johnston and Ubbelohde, Joc. cit.). 


The ‘‘ Wedge"’ Effect at a Mercury Cathode due to Amalgamation of NH,.—<An electrolytic cell was 
prepared as described elsewhere (Johnston and Ubbelohde, Joc. cit.). ©-lm-Ammonium sulphate was 
electrolysed with a platinum anode and a mercury cathode. At <3 v. only the usual electrocapillary 
effects were observed. At potentials greater than three volts a wedge of electrolyte penetrated between 
the mercury and the glass wall of the cell toa depthof4cm. Electrolysis at a potential of 5 v. increased 
the depth of penetration to 16cm. This wedge effect was most marked for the pH range 6—9. It was 
inhibited ata pH <4. It was also inhibited at pH 7-6 by raising the temperature to 50°, or by adding 
a few drops of yellow ammonium polysulphide as poison, i.e., under conditions where amalgam formation 
is suppressed. 

Increase in Surface Viscosity on Formation of Amalgams.—The construction of a practicable surface 
viscometer was made extremely difficult both by the high density of the mercury and the penetration, 
during electrolysis, of electrolyte between mercury and any surface which passes through the 
mercury/electrolyte interface, on account of the wedge effect. The glass oscillation viscometer finally 
designed after numerous trials is illustrated in Fig. 5. A large logarithmic decrement of torsional 
oscillations was found after switching on a current under conditions leading to ammonium amalgam 
formation (pH 7-4) (cf. Fig. 6). Essentially the experiments involved observation of the amplitudes 
of successive oscillations of the viscometer, using a lamp and scale. Since electrolysis was progressive, 
no high-precision observations were made on the frequency of oscillation, so that it was not ible to 
determine whether the period of oscillation lemma ha amplitude decreased, i.e., whether there was a 
non-Newtonian component in the viscosity. 


The marked increase of surface viscosity, before any visible swelling of the amalgam owing to froth 
formation can be noted, is correlated with the immediate change in surface tension and the wedge effect 
after application of the voltage requisite for formation of ammonium amalgam. To test for possible 
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chance contamination by surface-active impurities similar experiments were carried out with potassium 
sulphate as electrolyte. The results are also plotted in Fig. 6, and show no evidence of mar decre- 
ment. In the later stages of electrolysis of ammonium salt solutions, thixotropic stiffening of the mercury 
by froth formation enhances the damping enormously, but no measurements could be carried out in this 
region. 

Effect of Prolonged Electrolysis. Pi am electrolysis transforms the mercury foam to a spongy 
grey mass. At the point on the cathodic pool of mercury nearest to the anode, where the current density 
was highest, grey growths appeared, the parts nearest the anode soon becoming black and then dispersing 
to form a suspension. en the electrolyte was withdrawn and centrifuged at this stage irregular 
microscopic particles were found in the deposit. The nature of this colloid is still uncertain. 


Discussion. 
Comparison between Potassium and Ammonium Amalgam.—The experiments described 
above show that the behaviour of ammonium discharged at a mercury cathode is initially closely 


similar to that of potassium. The chief difference is that surface effects due to (NH,)Hg, are 
somewhat more pronounced. In another publication (Johnston and Ubbelohde, /oc. cit.) 


Fic. 5. 
Disc viscometer. 
| 
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reasons are given in support of the view that there is strong positive adsorption of alkali metals 
at the interface between amalgam and electrolyte. This positive adsorption must be even more 
marked for ammonium, as might be expected if the electron polarisability of this group is rather 
bigger than in the case of potassium. At the same time the possibility cannot be wholly excluded 
that mercury—hydrogen or mercury—nitrogen—hydrogen complexes are also formed at the surface 
of ammonium amalgams. These might account for the much greater surface viscosity compared 
with potassium amalgams, and for the ultimate break up of the ammonium amalgam into colloidal 
suspension. Explosive mercury—-ammonia complexes have been reported but their chemistry 
is still obscure (Sempley, Chem. Eng. News, 1947, 25, 2138). Against this possibility of a perma- 
nent chemical change of the mercury atoms at the surface is the observation that the sessile 
drops return to the normal surface tension of mercury once the NH, has decom 

Formation and Mechanical Stability of the Froth. —Extrapolation of the results of Deyrup 
(loc. cit.) to room temperature suggests that the ammonium amalgams now obtained decompose 
more slowly. This may in part be due to the precautions taken to avoid atoms which might 
be catalytically active from getting into the mercury cathode So long as there is undecomposed 
ammonium in the mercury the experiments can be interpreted on the view (a) that this main- 
tains the surface properties of the amalgam by maintaining an adsorbed layer of NH, whose 
concentration does not vary rapidly with the concentration of NH, in the bulk of the mercury, 
because of the strong positive adsorption, and (b) that bubbles of gas are formed continually 
within the mercury. [It has been shown that, in general, froth formation is favoured by low 
surface tension. Froth stability is aided by high surface viscosity of the liquid phase (Clarke, 
D.S.I.R. Chem. Res. Spec. Rept. No. 6., H.M.S.O., London, 1947). Both these factors must 
contribute to the mechanical stability of ammonium amalgam, which is almost pasty in 
consistency. 
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Effects of Surface Conditions on the Formation of Ammonium Amalgam by Electrolysis.— 
Competing discharge mechanisms at the mercury cathode can be written as : 


1(a) 1(0) 
OH,++¢ ——> OH, ——> jH,+H,0 


2(0" 
NH, + xHg fn ammonium amalgam 

with analogous reactions for K*. Since increasing the acidity has much the same effect in 
preventing the formation of potassium or ammonium amalgam (Fig. 3), this effect of pH is 
probably caused by the increased concentration of OH,* favouring discharge process l(a). Rise 
of temperature prevents the formation of ammonium amalgam, but it is not clear whether this 
is on account of a relative enhancement of reactions 1(a), 1(b), and 2(b) with respect to 2(b’) at 
the surface of the mercury, or whether the amalgam merely decomposes much faster within the 
mercury solution. The effect of a poison such as yellow ammonium sulphide in suppressing 
reaction 2(b’) is curious, and its interpretation is reserved pending investigation. 
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2(b) 
NH,* + 2(a) ——> 14H, + NH, 
‘ c-—> 





378. The Constitution of Conessine. Part III.* 


By Rosert D. HawortH, JAMES McKenna, RIcHARD G. PowWELL, 
and PETER Woopwarp. 


The hydrocarbon, C,,H;,, obtained by reduction of the hydrocarbon, 
Cy,Hg, m. p. 74—76°, and first isolated by Spath and Hromatka, has been 
further examined, and has now been shown by repeated chromatography to be 
a mixture of 5-allopregnane and pregnane. A number of metho-salts of 
conessine derivatives have yielded methine bases, which are quaternised by 
acid treatment. This indicates the presence of a pyrrolidine nucleus, and 
the bearing of thes¢ and other observations on the constitutional problem is 
discussed. 


ProorF for the steroid nature of conessine was given in Part I of this series (Haworth, McKenna, 
and Singh, J., 1949, 831) and it was concluded that the structural formula of the alkaloid was 
derived from 5-allopregnane (I) by the insertion of a dimethylamino-group, a cyclic methyl- 
imino-group, and one double bond. In Part II (Haworth, McKenna, and Whitfield, /., 
1949, 3127), it was suggested that the pregnatriene, C,,H,,, m. p. 74—76°, first isolated by 
Spath and Hromatka (Ber., 1930, 63, 126) by Emde degradation of apoconessine had formula 


Et 


- - t ae 
e| iy e e e 
wn WA WA om 
NV, i Ox ae, & 


{An additional ethylenic linking is present in (II—IV).)} 
(I.) (II.) (1IT.) (IV.) 


(II), (III), or (IV), with an additional isolated, but unlocated, double bond. The conjugated 
diene system present in apoconessine and the pregnatriene was shown to be derived from the 
original double bond of conessine, and the double bond introduced during the elimination of 
trimethylamine by Hofmann degradation. We have not as yet succeeded in fixing the position 
of any one of the functional groups of the alkaloid but the experimental work has reached a 
stage where a further discussion appears opportune. 

Spath and Hromatka (/oc. cit.) obtained, by catalytic reduction of the pregnatriene, C,, Hypo, 
in acetic acid solution, a hexahydro-derivative, C,,H,,, m. p. 56—58°, which was separated 
by Haworth, McKenna, and Singh (loc. cit.) into 5-allopregnane, m. p. 83—84°, [a]? +15° 
(in chloroform), and an isomer. m. p. 56—58°, {«]? + 17° (in chloroform), apparently identical 

* Part II, J., 1949, 3127. 
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with the product of Spith and Hromatka. This lower-melting isomer, however, did not corre- 
spond in properties to any of the steroid hydrocarbons, C,,H,,, then known, viz.: (a) pregnane, 
m. p. 83—84°, [a]? +20° (in chloroform), (b) 14-iso-17-isopregnane, m. p. 105—106°, [a], + 18° 
(in chloroform) (Meyer, Helv. Chim. Acta, 1947, 30, 2025), (c) 14-iso-17-iso-5-allopregnane, m. p. 
74—77°, [a]}? +25° (in chloroform) (Press and Reichstein, ibid., p. 2127), (d) 17-a-methyl- 
p-homoandrostane, m. p. 108—109°, [a]? —3° (in dioxan) (Ruzicka and Mehldahl, ibid., 1940, 
28, 364; Shoppee and Prins, ibid., 1943, 26, 185), (e) 17-a-methyl-p-homoetiocholane, m. p. 
86—88°, [a]}? 0° (in acetone) (Shoppee, ibid., 1944, 27, 8), and (f) urane (17-methyl-p-homo- 
androstane), m. p. 128° (Marker, Kamm, Oakwood, Whittle, and Lawson, ]. Amer. Chem. 
Soc., 1938, 60, 1066; Klyne, Nature, 1950, 166, 559). More recently the synthesis of 17-iso- 
5-allopregnane, m. p. 57—58°, [a«]}’ —33° (in chloroform), has been reported by Casanova 
and Reichstein (Helv. Chim. Acta, 1949, 82, 647), and we are greatly indebted to Professor 
Reichstein for a small sample of this hydrocarbon which gave a large melting-point depression 
when mixed with the hydrocarbon, m. p. 56—58°, obtained from conessine. Only one epimeric 
configuration at C,,,, Cy,, Cy), and C,,3, has been established among natural or synthetic sterols 
(cf. Klyne, Joc. cit.) and four of the seven possible stereoisomers of 5-allopregnane are listed 
above epimeric at the three remaining asymmetric centres, C,,, C,,4, amd C,,,,. The optical- 
rotation values of the isomers already prepared suggested that the rotation of those not yet 
known should differ considerably from that of the hydrocarbon, m. p. 56—58°, prepared from 
conessine. 

These and similar considerations led us therefore to examine the possibility that the un- 
identified hydrocarbon, m. p. 56—58°, from conessine was in fact a mixture. Continued 
recrystallisation from acetic acid and methanol had no effect on the physical constants of the 
hydrocarbon, and although repeated chromatography on activated alumina yielded a small 
fraction, m. p. 60—62°, depressed by 5-allopregnane to 56—58°, the bulk of the product remained 
unchanged. Finally, chromatography in nine successive stages on active charcoal led to a 
separation of the hydrocarbon, m. p. 56—58°, into 5-allopregnane, m. p. 83—85°, and pregnane, 
m. p. 83—84°. The latter which appeared to form about one-third of the mixture was identified 
by comparison with an authentic specimen prepared from progesterone. Although our analysis 
of the hydrocarbon mixture has not been quantitative, no evidence for the presence of a third 
isomer has been obtained. The formation of pregnane and 5-allopregnane in the proportions 
mentioned above by hydrogenation of the pregnatriene, m. p. 76°, is more readily explained on 
the basis of (II) or (III) than of (IV), as a conjugated system (diene or unsaturated ketone) 
involving C,,, generally gives both cis- and trans-isomers on reduction. Reduction of structure 
(IV), with an isolated double bond in position 4 : 5 or 5: 6 could theoretically yield pregnane 
and 5-allopregnane, but in practice reduction, in acid solution, of a double bond in either of these 
positions usually gives the trans-isomer only (cf. Fieser and Fieser, “‘ Natural Products related to 
Phenanthrene,” Third Edn., New York, 1947, pp. 121, 545). 

In Part II (loc. cit., p. 3129) a methoacetate of the base, C,,H,,N, was encountered during 
catalytic reduction of apoconessine in glacial acetic acid and we have now found that 
quaternisation reactions of the type 


R-CH=CH ....C-NMe,+H* ——> R’CH—CH, 


gat 


NMe, 


occur when methine bases of the conessine series are warmed with acetic acid. Thus apo- 
conessine, C,,H,,N, gives a quantitative yield of the methoacetate of the base, C,,H,,N, after 
being boiled for a short time in acetic acid solution. The methoacetate absorbed two mols. 
of hydrogen in the presence of a palladium catalyst, and Hofmann decomposition of the corre- 
sponding quaternary hydroxide led to regeneration of apoconessine. The corresponding 
methiodide is identical with the methiodide, C,,H,,N,CH,I, previously obtained in Part II 
(loc. cit., p. 3128) by partial Hofmann decomposition of conessine. The identity of the two 
methiodides, established by mixed melting points, correspondence in optical rotatory powder, 
and by X-ray powder photographs which were examined in a microphotometer and shown to 
correspond exactly, proves that the methoacetate is produced from apoconessine by addition 
of the elements of acetic acid and re-formation of the original conessine heterocyclic ring. 
The unsaturated methine, C,,H,,N, (Part II, loc. cit., p. 3128), produced by rupture of the 
heterocyclic ring of dihydroconessine had m. p. 66—70°, which could not be improved by re- 
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peated crystallisation or chromatography. Catalytic reduction in the presence of a platinic 
oxide catalyst, however, gave the dihydromethine C,,H,,N,, m. p. 85—86°, in high yield. The 
wide range of the melting point of the unsaturated base may indicate that this is composed of a 
mixture of isomers differing in the positions of the double bond or that it may be contaminated 
with traces of dihydroconessine or dihydroheteroconessine. The methine, C,,H,,N,, could not 
be degraded further by Hofmann decomposition or Emde reduction of its metho-salts, but it 
was also found to undergo cyclisation with hot glacial acetic acid. The cyclised product 
was converted into the corresponding dimethiodide which proved to be identical with dihydro- 
conessine dimethiodide in melting point, specific rotation, and X-ray powder pattern. In this 
case also re-formation of the original conessine heterocyclic ring has occurred. Many examples 
of the ready formation of the pyrrolidine ring on treatment of unsaturated tertiary bases 
with acids are recorded (cf. Merling, Annalen, 1891, 264, 310; Jacobi and Merling, ibid., 1894, 
278, 8). The presence of a pyrrolidine ring in conessine and related alkaloids has been sus- 
pected since a pine-shaving reaction was reported (Haworth, /J., 1932, 631) on the products of 
pyrolysis of dihydroxynorconessine, and the ring closure of the methine bases reported above 
confirms this for conessine. 

In Part II (loc. cit., p. 3128) some results of an examination of the ultra-violet absorption 
spectra of apoconessine, the methiodide C,,H,,N,CH,I, and hygroscopic methochloride, 
C,,H,,;N°CH,Cl, were reported. A re-examination of the spectra of apoconessine in ethanol 
with a stronger light source has shown that, in addition to the main peak at 2350 a. (log « 4°3), 
subsidiary peaks or points of inflexion occur at 2290 and 2430 a. at lower extinction values. 
The hygroscopic methochloride, C,,H,,N,CH,Cl, previously obtained in small yield, but now 
prepared in larger quantities and in a pure state, shows a similar ultra-violet extinction curve, 
which is in agreement with that reported by Staveley and Bergmann (J. Org. Chem., 1937, 1, 
567) for cholesta-3 : 5-diene, which we have confirmed. This correspondence in ultra-violet 
spectrum between apoconessine and cholesta-3 : 5-diene may be significant, particularly as 
only one peak is recorded for the corresponding 4: 6-diene (compare formula III). Un- 
fortunately no steroid 15 : 17-diene (compare formula IV) has been prepared but, if this structure 
(IV) is excluded by the results of the catalytic reduction of the pregnatriene, then these ultra- 
violet studies support structure (II) instead of (III) for the pregnatriene, m. p. 76°. With the 
diene system in this position it would follow that the original double bond and dimethylamino- 
group of conessine are both situated near C,,). 

Some experiments have been-carried out with the base meoconessine, C,,Hy)N,, m. p. 128°, 
prepared by isomerising conessine with a mixture of sulphuric and acetic acids as described 
by Siddiqui and Vasisht (J. Sci. Ind. Res. India, 1945, 3, 559). A solution of this base in dilute 
sulphuric acid was unsaturated to potassium permanganate, and liberated iodine immediately 
from potassium iodate at room temperature in contrast to conessine which requires several 
hours for appreciable reaction with iodate under the same conditions. meoConessine could not 
be reduced by hydrogen at atmospheric pressure in the presence of a platinum or palladium 
catalyst, possibly because the double bond is in one of the positions (7 : 8, 8 : 9, or 8 : 14) in the 
steroid nucleus known to be very resistant to hydrogenation. The base, however, did not 
isomerise under hydrogenation conditions or on treatment with hydrogen chloride and it was 
not degraded by attempted Emde reduction of the dimethochloride. However, Hofmann 
decomposition of the dimethohydroxide gave the new base, meoconessimethine, C,,;H,,N,, 
m. p. 105—106°, which was reduced catalytically to dihydroneoconessimethine, C,,H,,N,, m. p. 
83—85°. The latter is, like meoconessine, unsaturated to permanganate and iodate, but could 
not be hydrogenated further. meoConessimethine is clearly produced by opening of the hetero- 
cyclic ring, and the double bond thus introduced, but not the original unsaturated group, under- 
goes catalytic reduction. meoConessimethine was not degraded by Hofmann decomposition. 
During attempts to improve the preparation of meoconessine it was discovered that conessine 
reacted with hydrogen chloride in methyl alcohol giving chlorodihydroconessine, m. p. 175°, 
which was converted into dihydroconessine by hydrogenation in the presence of a platinum 
catalyst and calcium carbonate. 

A considerable quantity of a new base, C,,H,,ON,, m. p. 171—173°, was encountered during 
one preparation of conessine from Kurchi seeds. It was later found that conessine on treatment 
with formaldehyde and strong formic acid yielded the new base by addition of the elements of 
formaldehyde, and the production of this compound in the first instance must have been caused 
by too drastic conditions during the methylation stage (com»are Part I, loc. cit., p. 835). A 
solution of the new base in dilute sulphuric acid is saturated towards cold permanganate and 
iodate at 100°. The base contains no active hydrogen atoms and, as it does not react with 2 : 4-di- 
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nitrophenylhydrazine, the oxygen atom is probably present as a cyclic ether. Further experi- 
ments with this compound are in progress 

In a recent communication Bertho (Annalen, 1950, 569, 1) has suggested a formula for 
conessine, which involves (a) the erroneous assumption that apoconessine contains no con- 
jugated diene system although it is admitted that the ultra-violet spectrum was not examined 
below 2360 a., and (b) the location of the conessine double bond in position 7 : 8 by an estimate 
of the optical contribution of the unsaturated centre. Lack of reference data, particularly 
for amino- and quaternary ammonium steroid derivatives, hinders the application of the method 
of molecular-rotation differences (for summary see Barton and Klyne, Chem. and Ind., 1948, 
755) in the conessine field, but we hope to discuss the results more fully later. However, our 
measurements indicate that Bertho (loc. cit.) has derived a grossly incorrect value for the 
optical contribution of the unsaturated centre; we believe the 7:8 position for the double 
bond is not in accordance with the ease of hydrogenation of conessine; and finally we are of the 
opinion that at the moment there is insufficient evidence for a profitable discussion of the more 
detailed structural position. 


EXPERIMENTAL. 


Chromatography of the Hydrocarbon, C,,Hg., m. p. 56—58°.—Animal charcoal of technical quality 
(British Drug Houses) was extracted with alcohol for 2 hours, dried at 160° for 2 hours, suspended in 
light petroleum (b. P- 40—60°), and used in the p: tion of a chromatograph column (dimensions 
50 x 6mm.). A solution of the hydrocarbon, m. p. 8° (105 mg.), in light petroleum (b. p. 40—60° ; 
7 c.c.) was poured on this column, and the chromatogram develo with the same solvent. A hydro- 
static pressure of 1-5 m. was applied to the sr A the tube. Five or six successive fractions of the 
eluate were evaporated and the separation followed by observations on the m. p. of the recovered 
hydrocarbon. In this way a small “ head ’’ fraction (ca. 6 mg.) was obtained, the m. p. of which was 
depressed by admixture with 5-allopregnane, m. p. 83-+84°; a similar small “ tail ’’ fraction (ca. 7 mg.) 
separated, the m. p. of which was undepressed by addition of 5-allopregnane, and a relatively 
unresolved middle fraction (ca. 90 mg.) was recovered. After the column had been washed with light 
petroleum (b. p. 40—60°; 200 c.c.), the unresolved middle fraction (90 mg.) was rechromatographed 
as described above. This process was ted six times and the “ head ”’ fractions divided into fractions 
(A) having m. p. between 66° and 78°, and fractions (B) having m. p. between 78° and 84°. The combined 
fractions (A) (16 mg.), on further chromatography, gave a fraction (13 mg.), m. p. 80—84°, which was 
added to the combined fractions (B) (10 mg.). Crystallisation from methy] alcohol now gave colourless 
prismatic needles, m. p. 83—84°, undepressed by admixture with pregnane, m. p. 82—83°, prepared from 

gnane-3 : 20-dione. At the same time combination of appropriate “* tail ”’ tions of m. p. between 

° and 83° gave (C) (45 mg.), yielding on further chroma’ phy a fraction (27 mg.), m. p. 83—85°, 
which separated from methyl alcohol in colourless rectangular prisms, m. p. 83—85°, undepressed on 
admixture with an authentic sample of 5-allopregnane, m. p. 83—84°. 


Production of the Methiodide C,,H,,N,CH,I from apoConessine.—A solution of apoconessine (0-35 g.) 
in glacial acetic acid (10 c.c.) was refluxed for 20 minutes, evaporated to a low bulk under reduced 
pressure, and made alkaline with potassium hydroxide. The solution remained clear and no basic 
material was extracted by ether; addition of potassium iodide, however, gave a white precipitate, 
which was collected, washed with water, and dried (yield, 0-45 g.). The methiodide evapora from 
water in rectangular plates, [a}}’ —38-5° +1-5° (in chloroform: c, 1-30), m. p. 315° (decomp.) (Found : 
C, 61-2; H, 7-5; N, 3-1; I, 27-6. Calc. for C,H,,N,CH,I: C, 60-9; H, 7-9; N, 3-1; I, 28-0%), un- 
depressed on admixture with a sample of the methiodide C,,H,,N,CH,I of m. p. 320° (decomp.), [a}}* 
—37-7° +. 2-6° (in chloroform : c, 0-85), prepared from conessine dimethiodide as described previously 
(Haworth, McKenna, and Whitfield, Joc. cit.). The corresponding methochloride se ted from methanol 
in colourless needles, m. p. 245—250° (Found: N, 3-8; Cl, 9-4. C,,H,,N,CH,Cl requires N, 3-9; Cl, 
9-8%). Hofmann decomposition of the methohydroxide by the method described previously (Haworth, 
McKenna, and Whitfield, Joc. cit.) gave apoconessine. 


Reduction of the Methiodide, C,,H,,N,CH,I.—A solution of the methiodide (0-1 g.) prepared from 
apoconessine in methanol (20 c.c.) and water (10 c.c.) was converted into the methohydroxide in the 
usual way, acidified with glacial acetic acid, and shaken in a hydrogen atmosphere with 15% palladium— 
charcoal (0-2 g.) at 30°/760 mm. Hydrogen uptake (12-0 c.c. ic. for two double bonds, 11-0 c.c.) 
was complete in 10 minutes. The catalyst was removed, the filtrate evaporated, and the residue treated 
with potassium iodide. The dihydro-methiodide separated from water as irregular plates, m. p. 310° 
(decomp.) (Found: N, 2-6. C,,H,,N,CH,I requires N, 3-1%). 

Dihydromethine, C,;H,.N,.—The unsaturated methine, C,,H,,N, (0-141 g.) (prepared as described 
previously, Haworth, McKenna, and Whitfield, Joc. cit.), in methanol (5 c.c.) was shaken in a hydrogen 
atmosphere with platinum oxide catalyst (0-028 g.) at 20°/750 mm. Uptake of hydrogen (8-6 c.c. 
Calc. ee one double bond, 9-2 c.c.) was complete in 8 hours. The base (0-146 g.) isolated in the usual 
way was sublimed at 0-2 mm. (bath-temp., 180°) and formed needles, m. p. 85—86° (Found: C, 80-0; 
H, 11-7; N, 7-8. CysHysN, requires C, 80-2; H, 12:3; N, 75%), saturated to cold permanganate in 
acid solution. When the reduction was carried out in glacial acetic acid, some of the methine was found 
to undergo cyclisation to a quaternary salt (see below). 


Cyclisation of the Unsaturated Methine, C,,HyN,.—A solution of the unsaturated methine, C,,H,,N, 
(0-285 g.), in glacial acetic acid (5 c.c.) was refluxed for 2 hours, concentrated under reduced pressure, 
basified with ammonia, and treated with potassium iodide. The white precipitate was extracted with 
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chloroform, the solvent removed, and the residue (0-335 g.) in methanol (5 c.c.) refluxed with methyl 
iodide (0-3 c.c.) for 4 hours. The product separated from water in rosettes of needles, m. p. 295—306° 
(decomp.), {a)}* +27-6° + 2° (in methanol: ¢, 3-8), undepressed on admixture with a sample of dihydro- 
conessine dimethiodide of the same m. p. and having [a|}* +25-9° + 1-5° (in methanol: ¢, 2-7). The 
m. p. of these quaternary salts depends to some extent on the rate of heating. 

neoConessine.—This base was prepared in 16% yield from conessine by the method of Siddiqui and 
Vasisht (loc. cit.) and had m. p. 128° (from acetone). Attempts to isomerise conessine by treatment with 
Raney nickel in xylene (cf. Chakravarti and Robinson, J., 1947, 78), phosphoric acid, toluene-p-sulphonic 
acid, or hydrogen chloride in acetic acid were unsuccessful, conessine being recovered. Treatment 
of conessine with hydrogen chloride in methanol gave chlorodihydroconessine described below. 

Hofmann Decomposition of neoConessine.—neoConessine dimethiodide separated from methanol 
in plates, m. p. 350° (decomp.) (Found: C, 48-5; H, 7-3; N, 43; I, 39-3. C,,H, N,,2CH;I requires 
C, 48-7; H, 7-2; N, 44; I, 39-79%). From this salt (0-1 g.) the quaternary hydroxide was formed in 
the usual way and heated at 160°,/0-5 mm. for 20 minutes. neoConessimethine, isolated with ether and 
separated from a little neoconessine by fractional crystallisation of its dihydriodide, crystallised from 
acetone in needles (0-035 g.), m. p. 105—106° (Found: C, 80-9; H, 11-0; N, 7-8. C,,H,,N, requires 
C, 81:1; H, 11-4; N, 7-6%). 

Dihydroneoconessimethine.—neoConessimethine (0-23 g.) in ethanol (8c.c.) was shaken with a platinum 
oxide catalyst (12-5 mg.) in a hydrogen atmosphere at 19°/760 mm. Hydrogen uptake (14-5 c.c. 
Calc. for one double bond, 14-8 c.c.) was complete in 2 hours, and the product (0-235 g.) isolated in the 
usual way separated from acetone in colourless needles, m. p. 88—89° (Found: C, 80-2; H, 11-3; N, 

C,,;H,N, requires C, 80-6; H, 11-8; N, 7-5%). Neither this base nor neoconessimethine showed 
selective absorption in the ultra-violet. 

Chlorodihydroconessine.—A solution of conessine (0-25 g.) in dry methanol (10 c.c.) was saturated 
with dry hydrogen chloride at 0° and set aside for 3 days. The solvent was then evaporated under 
reduced pressure at + 40°, and the residue basified with ammonia and extracted with ether. The 
residue from the ether was fractionally crystallised from acetone, giving chlorodihydroconessine as needles 
(0-1 g.), m. p. 175° (decomp. ) (Found : C, 73-2; H, 10-2; N, 7-2; Cl, 9-1. C,,H,,N,Cl requires, C, 73-4; 
H, 10-5; N, 7-1; Cl, 9-0%). (The mother-liquors yielded a little conessine, m. p. 125°, undepressed 
on admixture with an authentic specimen. A solution of chlorodihydroconessine in dilute sulphuric 
acid did not reduce potassium permanganate in the cold. Attempts to remove the elements of hydrogen 
chloride with pyridine or sodium acetate gave no definite product, but treatment with alcoholic potassium 
hydroxide gave a small yield of conessine. 

Reduction of Chlorodihydroconessine.—Chlorodihydroconessine (49-7 mg.) in ethanol (5 c.c.) was 
shaken in a hydrogen atmosphere, with platinum oxide (11-5 mg.) and a little calcium carbonate at 
22°/760 mm. Hydrogen uptake (2-9c.c. Calc. for reduction of one chlorine atom, 3-1 c.c.) was complete 
in 17 hours. The solids were separated, and the filtrate worked up in the usual way, giving dihydro- 
conessine, m. p. 103—106°, undepressed on admixture with an authentic specimen. 

Formaldehyde Addition Base.—A solution of conessine (0-5 g.) in 98% formic acid (10 c.c.) and 40% 
formaldehyde solution (10 c.c.) was concentrated at atmospheric pressure to 6 c.c. 10N-Hydrochloric 
acid (10 c.c.) was then added and the mixture concentrated to 4 c.c., and this last process repeated. 
The dark red solution was then basified with sodium hydroxide and extracted with ether. The ethereal 
solution was washed and evaporated, and the residue purified by several crystallisations from acetone. 
The base separated from acetone in colourless prisms, m. p. 171—173° (Found: C, 77-8, 78-1; H, 10-7, 
10-8; N, 7-6, 7-8. C,,;H,,ON, requires C, 77-7; H, 10-9; N, 7-3%). A solution of the base in dilute 
sulphuric acid was saturated to cold permanganate and did not liberate iodine on being warmed with 
potassium iodate. Treatment with boiling 50% hydrobromic acid for 7 hours gave no definite product. 


We thank the University for the award of a Henry Ellison Fellowship to R. G. P., and Imperial 
Chemical Industries Limited for a grant covering some of the expenses of the investigation. 
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379. Wool Wax. Part I. Synthesis of Some anteiso-Acids. 
By J. R. Nunn. 


8-Methyldecanoic,* 9-methylundecanoic, 10-methyldodecanoic, 12-methyl- 
tetradecanoic, 14-methylhexadecanoic, and 18-methyleicosanoic acids have 
been synthesised in their racemic forms. The long X-ray crystal spacings of 
the amides and solid acids have been recorded. 


WEITKAMP (J. Amer. Chem. Soc., 1945, 67, 447) isolated from wool wax a series of dextro- 
rotatory fatty acids containing an odd number of carbon atoms, having the anteiso-structure 
(i.e., the methyl side chain in the antepenultimate position). Velick and English (J. Biol. 
Chem., 1945, 160, 473) synthesised (+)-14-methylhexadecanoic acid, identical with the naturally 
derived acid, thereby confirming the structure assigned to this series of acids. 


* Geneva nomenclature (CO,H = 1) is used throughout this paper. 
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Studies of wool wax in progress in this Laboratory made it necessary to have available a 
number of these acids in either the racemic or the dextrorotatory form. A recent method of 
synthesis for fatty acids (Fieser and Szmuszkovicz, J]. Amer. Chem. Soc., 1948, 70, 3352) appeared 
to be useful for this purpose. It involves oxidative fission of the ring of an alkyl-substituted 
tert.-cycloalkanol, giving a keto-acid which is then reduced to the hydrocarbon-carboxylic acid. 
By this method (+)-8-methyldecanoic acid, (+)-9-methylundecanoic acid, (+)-10-methyl- 
dodecanoic acid, and (+)-18-methyleicosanoic acid have been prepared. 


HO i 
~*~ / “CO- 
CMEC th CHMeEt-(CH,),°CO-(CH,),_ ,°CO,H 


(I; »=4.) (II; » =5.) (V; s=4.) (VI; » =5.) 
(IIl; »=6.) (IV; » = 14.) (VII; » = 6.) (VIII; » = 14.) 

The cycloalkanols (I—IV), obtained by the action of the appropriate cycloalkanone on the 
Grignard reagent from 1-bromo-3-methylpentane, were oxidised in acetic acid with chromium 
trioxide to the keto-acids (V—VIII), which without purification were then reduced by Huang- 
Minlon’s method (J. Amer. Chem. Soc., 1946, 68, 2487). 

The yields of crude keto-acids were in no instance above 50%. The neutral material 
remaining after oxidation always contained some unchanged starting material, but the amount 
was difficult to assess on account of the presence of other oxidation products. Fieser and 
Szmuszkovicz (loc. cit.) reported yields of from 60—80% of keto-acids in most cases where the 
side chain of the cycloalkanol was unsubstituted. 

14-Methylhexadecanoic acid was synthesised by a method recently elaborated by Ames, 
Bowman, and Mason (J., 1950, 174), as follows: 


CHMeEt-COC! + (CO,CH,Ph),CNa-[CH,),°CO,CH,Ph —> 
(IX.) 


(1) H,-catalyst 
CHMeEt-CO-C(CO,-CH,Ph)_"(CHy) 'COyCH,Ph_ > 
ai . 

(X.) 


CHMeEt-CO-(CH,),,CO,H —» CHMeEt-(CH,),,°CO,H 
(XI.) (XII) 


The tribenzy] sodio-ester (IX) was formed in benzene by the trans-esterification of ethyl sodio-n- 
undecane-1 : 1 : 11-tricarboxylate with benzyl alcohol, and then condensed with a-methyl- 
butyryl chloride to furnish (X). Hydrogenolysis of (X) and decarboxylation of the product gave 
13-keto-14-methylhexadecanoic acid (XI), which was subsequently reduced to 14-methyl- 
hexadecanoic acid (XII). 

12-Methyltetradecanoic acid (XVIII) was prepared by a variation of this route : 


CHMeEt-CNa(CO,CH,Ph), + Cl-CO-[CH,],CO,Et —> 
(XIII.) 

(1)H,-catalyst 

CHMeEt-C(CO,CH,Ph),*CO-(CH,]CO,Et_ —— > 
2. ’ 

(XIV.) 


CHMeEt-CH,-CO-[CH,],°CO,R CHMeEt-[CH,),.°CO,H 
(XV; R=Et.) (XVI; R=H.) (XVIIL.) 


9-Carbethoxynonanoyl chloride was condensed with benzyl sodio-sec-butylmalonate (XIII) 
to give (XIV), which was converted into the keto-ester (XV). Reduction then yielded 
12-methyltetradecanoic acid. 

Despite all precautions, a certain amount of ketonic hydrolysis of the 8-keto-esters (X) and 
(XIV) took place and the products, in the cases of the syntheses of the keto-acids (XI and XVI), 
had boiling points similar to those of the keto-esters themselves. The yields of the desired 
keto-acids were low because of the resultant difficulties in their separation. 

The long crystal spacings for the amides and the solid acids are recorded in the Table. The 
values for the amides are slightly lower in all cases than those recorded by’Velick (J. Amer. Chem. 
Soc., 1947, 69, 2317) for the corresponding (+)-amides. They do, however, fall on a straight 
line when plotted against the carbon content of the molecules. The value for (+)-18-methyleico- 
sanoic acid is abnormally low when compared with that for (+)-14-methylhexadecanoic acid. 
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Furthermore whereas the value for (+-)-14-methylhexadecanoic acid is nearly the same as that 
for the racemic acid, the value for (+)-methyleicosanoic acid is 2-5 a. higher than that for the 
corresponding racemic compound.: The value 33-4 a. (Velick, loc. cit.) for (+)-methylhexa- 
decanoic acid could not be confirmed. It is possible that the method of preparation of the 
samples (for X-ray examination) used by us gave crystals in a metastable state. 


Long crystal spacing (A.). 
Substance. Amide. Acid. 
+)-12-Methyltetradecanoic 29-2* 
+)-14-Methylhexadecanoic 32:1 
+)- 
= 


Long crystal spacing (A.). 
Substance. Amide. 
-8-Methyldecanoic ( 
-8-Methyldecanoic ( 
9-Methylundecanoic ... ° ( 14-Methylhexadecanoic 32-8 * 

4 , (+)-18-Methyleicosanoic ... 38-0 
(+)-18-Methyleicosanoic ... —_ 


10-Methyldodecanoic ... 
10-Methyldodecanoic ... 
12-Methyltetradecanoic 


* These values were obtained by Velick (loc. cit.). 


(+ 
fe 

+ 
(+ 
(+ 
(+ 


) 
) 
) 
) 


Attempts to resolve (+)-14-methylhexadecanoic acid by means of the brucine and quinine 
salts failed because the salts separated only as gums. 


EXPERIMENTAL. 
M. p.s are corrected. 


3-Methylpentanol.—B-Methylvaleric acid was made by distilling sec.-butylmalonic acid slowly, and 
had b. p. 190—192°/656 mm. The ethyl ester, distilled through a 22-plate column, had b. p. 
155-5°/660 mm., ni}? 1-4035. 

The ester (144 g., 1 mol.) was reduced with lithium aluminium hydride (22 g., 0-58 mol.) in anhydrous 
ether in the usual manner; the product, distilled through a 22-plate column, had b. p. 150°/654 mm., 
ni 1-4159, n7} 1-4164 (98 g., 96%). 

1-Bromo-3-methylpentane.—This material, made by the action of anhydrous hydrogen bromide on the 
above alcohol at 100° and distilled through the 22-plate column, had b. p. 145°/655 mm., nj? 1-4461 
(89%). 

1-3’-Methylpentylcycloheptan-1-ol (III).—To a Grignard reagent, formed from 1-bromo-3-methyl- 
pentane (29-7 g., 0-18 mol.) and magnesium (4-38 g., 0-18 atom) in anhydrous ether and cooled to —20°, 
there was added cycloheptanone (b. p. 176-6°/653 mm., nj? 1-4585; 16-8 g., 0-15 mol.) in ether (100 c.c.) 
with stirring. After being y overnight at room temperature the reaction mixture was poured into 
crushed ice (ca. 100 g.) and hydrochloric acid (15 c.c.). The ethereal layer was separated and the 
aqueous layer extracted with ether. The combined ethereal solutions were washed with 10% sodium 
carbonate solution and then with water. Evaporation of the ether from the dried (Na,SO,) solution and 
distillation of the residue afforded 1-3’-methylpentylcycloheptan-l-ol (18-5 g.), b. p. 145—147°/19 mm, 
n? 1-4710 (Found: C, 79-2; H, 13-0. C,,;H,,O requires C, 78-7; H, 13-2%). 

(+)-Methyl 10-Methyldodecanoate.—1-3’-Methylpentylcycloheptan-1l-ol (9-9 g.) in acetic acid (375 c.c.) 
was treated with finely powdered chromium trioxide (3 g.) with rapid stirring. The solution darkened 
after a few minutes and the temperature started to rise. The temperature was kept between 27° and 30° 
while the remainder of the chromium trioxide (27 g.) was added in small portions during 45 minutes. 
After a total period of 1 hour the reaction mixture was poured into an equal volume of water and 
thoroughly extracted with a large volume of ether. The ethereal solution, having been washed with 
water thoroughly to free it from most of the acetic acid, was extracted with 5% sodium hydroxide 
solution. The latter solution was acidified and extracted with ether. Evaporation of the ether from the 
dried (Na,SO,) ethereal solution afforded crude 7-keto-10-methyldodecanoic acid (6-0 g., 52%). The 
semicarbazone crystallised from aqueous methanol in small prisms, m. p. 115—116° (Found : C, 59-4; 
H, 9-5. C,,H,,O,N, requires C, 58-9; H, 9-5%). 


This keto-acid (10-9 g.) was dissolved in a solution of potassium hydroxide (9-0 g.) in diethylene 
glycol (64-5 c.c.) and treated with 85% hydrazine hydrate (6-5 c.c.). The mixture was refluxed for 
1-5 hours. Sufficient water was distilled off to raise the temperature to 190—200° and refluxing 
continued for a further 4 hours. This mixture was cooled, diluted with water, and acidified with dilute 
hydrochloric acid. The acid was isolated in ether. Evaporation of the ether from the dried (Na,SO,) 
extract gave crude (-+-)-10-methyldodecanoic acid (8-9 g.). This was treated with a dry ethereal solution 
of diazomethane (4 g. in 150 c.c.; 100% excess). The ether and excess of diazomethane were removed 
in a vacuum and the residue was distilled through a vacuum-jacketed Vigreux column, affording (+)- 
methyl 10-methyldodecanoate (5-2 g.), b. p. 156—158°/22 mm., n?° 1-4351 (Found: C, 73-7; H, 12-4. 
C,,H,,O, requires C, 73-6; H, 12-4%). 

(+)-10-Methyldodecanoic Acid.—The above ester (4-8 g.) was saponified in 20% alcoholic potassium 
hydroxide (35 c.c.); 10-methyldodecanoic acid (3-93 g.), isolated in the normal manner, had b. p. 124— 
126°/0-3 mm., m. p. 5-6°, nf 1-4432 (Found: C, 73-0; H, 12-4. C,,H,,O, requires C, 72-9; H, 12-2%). 
The overall yield calc. on 1-bromo-3-methylpentane was 18%. 


The acid chloride was prepared by refluxing the acid (0-36 g.) with pure thionyl chloride (0-8 c.c.) 
for lhour. The excess of thionyl chloride was removed in a vacuum and the residue dissolved in dioxan 
(3—4 c.c.). This solution was added dropwise, with agitation, to ice-cold ammonia solution (d 0-88; 
30c.c.). The amide, filtered off after 1 hour and recrystallised from aqueous methanol, had m. p. 91-6— 
92-1° (Found; C, 73-3; H, 12-7. C,,;H,,ON requires C, 73-2; H, 12-8%). 
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ee (I).—The Grignard reagent from 1-bromo-3-methylpentane (32-5 g., 
0-197 mol.) and magnesium (4-8 g., 0-2 atom) in ether was treated with cyclopentanone (b. p. 127° /653 mm., 
33-1 g., 0-394 mol.) as descri for the previous case. The product was isolated as usual and distilled 
through a vacuum-jacketed Vigreux column, affording an alcohol (5-7 g.), b. p. 122—124°/23 mm., n} 
1-4638 (Found: C, 77-4; H, 12-6. C,,H,,O requires C, 77-6; H, 13-0%). 


A high-boiling fraction (b. p. 135—155°/23 mm.) from this distillation solidified on cooling. 
Crystallisation from methanol afforded yellow plates, m. p. 81—82° (Found: C, 83-7; H, 9-55. Calc. 
for C,,H,,O: C, 83-3; H, 9-3%). his probably was 1 : 3-dicyclopentylidenecyclopentanone and 
would account for the low yield of desired product. Wallach (Ber., 1896, 29, 2964) gives m. p. 76—-77° 
for this substance. 

(+)-Methyl 8-Methyldecanoate.—1-3’-Methylpentylcyclopentan-1-ol (3-3 g.) was oxidised in acetic acid 
(130 c.c.) with chromium trioxide (10 g.) at 25°. 


The keto-acid (2-0 g., 51%) was reduced in diethylene glycol (10 c.c.) containing potassium hydroxide 
(2-2 g.) and 85% hydrazine hydrate (2 c.c.). The reduced acid (1-63 g.) was esterified with methanol 
(15 c.c.) and sulphuric acid (0-2 c.c.).__ Distillation of the uct afforded ()-metiot 8-methyldecanoate 
os g.), b. p. 129—132°/22 mm., n? 1-4275 (Found: C, 71:7; H, 12:1. C,,H,,O, requires C, 72-0; 

» 12-1%). 

(+)-8-Methyldecanoic Acid.—The above ester (0-78 g.) was saponified in 20% alcoholic potassium 
hydroxide (8 c.c.), and the acid isolated and distilled (0-54 g.), b. p. 11L1—112°/0-5 mm., m. p. —11-6°, 
n? 1-4380 (Found: C, 70-8; H, 11-8. C,,H,,O, requires C, 70-9; H, 11-99%). The amide, crystallised 
from aqueous methanol, had m. p. 86-8—87-2° (Found: C, 71-3; H, 12-45. C,,H,,ON requires C, 71-3; 
H, 12-5%). 

1-3’-Methylpentylcyclohexan-1-ol (I1).—cycloHexanone (b. p. 152°/653 mm.; 49-0 g., 0-5 mol.) in 
ether (200 c.c.) was added to the Grignard reagent from 1-bromo-3-methylpentane (82-5 g., 0-5 mol.) and 
magnesium (12-4 g., 0-51 mol.) in ether. Distillation of the product afforded cS ne ee 
hexan-1-ol (63 g.), b. p. 129—131°/19 mm., n# 1-4657 (Found: C, 78-0; H, 12-7. C,,H,,O requires 
C, 78-2; H, 13-1%). 

(+)-9-Methylundecanoic Acid.—1-3’-Methylpentylcyclohexan-1l-ol (25 g.) in acetic acid (800 c.c.) was 
oxidised at 25° with chromium trioxide (75 g.) and the keto-acid (6-3 g.) isolated. The keto-acid (15 g.) 
was reduced with potassium hydroxide (14 g.), 85% hydrazine — (9-5 c.c.), and diethylene glycol 
(95c.c.). Distillation of the product through a vacuum-jacketed Vigreux column afforded (-+-)-9-methyl- 
undecanoic acid (10-8 g.), b. p. 121—122°/0-5 mm., m. p. —1-8°, n? 1-4420 (Found : C, 71-6; H, 12-05. 
C,,H,,O, requires C, 72-0; H, 12-1%). The amide, recrystallised fro = methanol, had m. p. 
80°8-“si-1° (Found : C, 72-6; H, 12-8. C,,H,,ON requires C, 72-3; H, 12-6%). 


1-3’-Methylpentylcyclopentadecan-1-ol (IV).—cycloPentadecanone (Firmenich et Cie, Genéve, m. . 


64—65°; 28-1 g., 0-125 mol.) in ether (100 c.c.) was added to the Grignard reagent from 1-bromo- 
methylpentane (26-4 g., 0-16 mol.) in ether. The reaction mixture was worked up and Ti emp 
cyclopentadecan-1-ol distilled as a viscous liquid (31 g.), b. p. 165—166°/0-3 mm., n?? 1-4845 (Found : 
C, 81-5; H, 13-7. C,,H,,O requires C, 81-2; H, 13-6%). 

(+)-18-Methyleicosanoic Acid.—The foregoing material (10-3 g.) in acetic acid (360 c.c.) was oxidised 
with chromium trioxide (30 g.) to crude 15-keto-18-methyleicosanoic acid (3-4 g.). This acid (4-2 g.) 
was reduced with potassium hydroxide (2-3 g.), 85% hydrazine hydrate (1-7 c.c.), and diethylene glycol 
(17 c.c.). The neutralisation equivalent of the reduced acid (3-7 g.) indicated that it probably was 
contaminated with some dibasic acid. It was assumed that the impurity was pentadecanedioic acid and 
hence the amount of (-+-)-18-methyleicosanoic acid in the mixture tould be ulated. The crude acid 
(2-137 g.) in a little ethanol was neutralised (phenolphthalein) with dilute potassium hydroxide solution, 
and treated with the volume of standard hydrochloric acid needed to liberate the 18-methyleicosanoic 
acid. The acid was extracted from this mixture with ether, and the ethereal solution washed with water 
and dried (Na,SO,). Evaporation of the ether left a colourless solid (1-14 g.) which gave (+)-18- 
methyleicosanoic acid, colourless needles, m. p. 57-2—57-6°, on crystallisation from acetone (Found : 
C, 77-2; H, 12-9. C,,H,,O, requires C, 77-25; H, 13-0%). The amide, crystallised from methanol, had 
m. p. 93-2—93-4° (Found: C, 77-7; H, 13-4. C,,H,sON requires C, 77-5; H, 13-5%). 

The aqueous solution remaining after the extraction of the above acid was acidified further with 
dilute hydrochloric acid, and the precipitated pentadecanedioic acid filtered off. This crystallised from 
acetone as colourless needles, m. p. 114-5—115° (lit., 115°) (Found: C, 66-1; H, 10-5. Calc. for 
C,5H,,0,: C, 66-1; H, 10-4%). 

Ethyl n-Undecane-1 : 1 : 11-tricarboxylate.—The ethyl w-bromoundecanoate was made by esterification 
of w-bromoundecanoic acid (Ashton and Smith, /., 1934, 438; m. p. 52—53°) in the usual manner. 
Sodiomalonic ester (0-13 mol.) in absolute ethanol (125 c.c.) was treated with ethyl w-bromoundecanoate 
(38 g., 0-13 mol.), and the solution refluxed for 2hours. Next morning the triester was isolated and distilled 
(34 g.), having b. p. 175°/0-3 mm., n?° 1-4423 (Found: C, 64:2; H, 9-6. Calc. for C,,Hy,O,: C, 64-5; 
H, 9-7%). 

Benzyl Sodio-n-undecane-1 : 1 : 11-tricarboxylate (IX).—The benzyl alcohol for this experiment was 
refluxed with sodium hydroxide, washed with water, dried, and distilled twice im vacuo. Powdered 
sodium (2-05 g., 0-089 atom) in thiophen-free, dry benzene (180 c.c.) was treated with ethyl »-undecane- 
1: 1; 11-tricardoxylate (33-5 g., 0-09 mol.). When all the sodium had dissolved, benzyl hol (29-1 g., 
0-27 mol.) was added and the reflux condenser replaced by a 30-cm. column packed with Fenske helices. 
The ethanol from the trans-esterification was distilled off very slowly as the benzene-ethanol azeotrope 
(b. p. 64°/650 mm.), the ethanol in it being estimated by means of the refractive index. The temperature 
tended to rise rapidly towards the end of ester interchange. After 5 hours the temperature was 
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74-5° /650 mm. (the b. p. of pure benzene) and the theoretical amount of ethanol had been collected. The 
volume of the reaction mixture was kept fairly constant by the periodic addition of pure benzene. 


Condensation of a-Methylbutyroyl Chloride with the Above Sodio-ester.—The a-methylbutyroy] chloride 
was made by treating a-methylbutanoic acid (Org. Synth., Coll. Vol. I, 1941, p. 361) with pure thionyl 
chloride. It was obtained as a colourless oil, b. p. 111—112°/653 mm. The solution of sodio-ester 
described above was cooled and to it was added a-methylbutyroy! chloride (10-6 g., 0-085 mol.) slowly 
with efficient stirring. The solution was refluxed for 1 hour and then cooled to 5° while ice-water (150 c.c) 
containing sulphuric acid (1-5 c.c.), was run in with rapid stirring. The organic layer was separated, 
washed with water, and dried (Na,SO,). The solvent was removed in a vacuum at room temperature 
and nei at 50°. 


ale yellow oil from the above experiment (61-5 g.) in ethanol-ethyl acetate (1:1; 200 c.c.) 
was z en with hydrogen at 50 Ibs./sq. in. in the — of palladium-charcoal (8 g.; 5% of 
Pd). No absorption took place, hence the catalyst was filtered off and replaced with palladium-calcium 
carbonate (20 g.; 2% of Pd). Absorption of hydrogen was then complete in 20 minutes. The catalyst 
was filtered off and the solution refluxed for 30 minutes. A brisk evolution of carbon dioxide took place, 
after which the solvent was distilled off, leaving a pale yellow oil (28 g.). In order to decompose any 
B-keto-ester, this material was dissolved in acetic acid (140 c.c.), containing 20N-sulphuric acid (14 c.c.), 
and the solution refluxed for 45 minutes. It was diluted with water, and the product isolated in ether. 
Evaporation of the ether from the dried (Na,SO,) solution afforded a solid residue. 


The acid thus obtained was esterified with ethanol (240 c.c.) containing sulphuric acid (6 c.c.), and 
the ester was distilled through a vacuum-jacketed Vigreux column as a colourless oil (16 g.), b. p. 130— 
145°/0-3 mm., a large amount of black tar being left. Repeated attempts to fractionate this ester did 
not yield a pure specimen of ethyl 13-keto-14-methylhexadecanoate. Analysis indicated that the 

roduct probably was contaminated with the ester of a dibasic acid. Hence it was saponified in ethanol 
(50 c.c.) containing potassium hydroxide (12 g.). The mixture was diluted with water and thoroughly 
extracted with ether. The aqueous layer was acidified with dilute sulphuric acid and the liberated 
acids isolated in ether. This ethereal solution was shaken with saturated sodium hydrogen carbonate 
solution (50 c.c.). The alkaline extract was separated, boiled to free it from ether, and acidified. The 
precipitated brassylic acid, when dried and recrystallised several times from ethyl acetate, had m. p. 113— 
114° (lit., 114°) (Found: C, 63-8; H, 10-0. Calc. for C,,H,,0,: C, 63-9; H, 9-8%). 


The ethereal solution which remained after sodium hydrogen carbonate extraction was washed with 
water and dried (Na,SO,). Evaporation left a solid residue (11 g.), which was reduced with diethylene 
glycol (53 c.c.), 85% hydrazine hydrate (5-3 c.c.), and potassium hydroxide (7-4 g.). The reaction mixture 
was worked up as usual and the acid (10-1 g.) recrystallised several times from acetone, giving colourless 
needles of (+ ead see, hh ie acid (7 roe "30% overall yield on a-methylbutyroyl chloride), m. p. 
39-5—-40-1° (Found 75-8 12-7. 12 eo. ik C, 75-5; H, 12-7%). The amide, crystallised 

, 13- 0. 'Cy,H,,ON requires C, 75-75; H, 


from methanol, had m. p. 89- 4—-90-6° Pe Cc 


13-1%). 


(+)-12- -Methyltetradecanoamide. athena sodio-sec.-butylmalonate (0-047 mol.), formed from 
ethyl! sec.-butylmalonate (10-02 g., 0-047 mol.), sodium (1-08 g., 0-047 atom), and benzyl alcohol (10-02 g., 
0-094 mol.), was treated with 9-carbethoxynonanoyl chloride [b. p. 178—180°/20 mm. (Robinson and 
Robinson, J., 1925, 127, 178); 11-4 g., 0-045 mol.]. The product was isolated, debenz . oy and 
dn) belied on as described for the previous case (the debenzylation was more difficult). The product 

(13 ¢. .) boiled over a wide range when it was distilled through a column, and after several fractionations a 

1 amount of ,impure ethyl 10-keto-12-methyltetradecanoate was obtained, having b. p. 123— 
124- -5°/0-1 mm., 3° 1-4439 (Found: C, 71-0; H, 11-3. Calc. for C,,H,,0,: C, 71-8; H, 113%). These 
distillations resulted in large losses of material. 


This ester (0-6 g.) was saponified and the acid was reduced with diethylene glycol (5 c.c.), 
85% hydrazine hydrate (0-5 c.c.), and potassium hydroxide (0-4 g.). The acid (0-37 g.) was isolated and 
converted into the amide which was crystallised from methanol and had m. p. 84—85° (Found: C, 74-7; 
H, 12-8. C,,H,,ON requires C, 74-6; H, 12-9%). 

X-Ray Measurements.—These were carried out by using a copper target with a metal filter and 
recorded by a Geiger Counter Spectrophotometer. 


The author is indebted to Dr. A. W. Weitkamp and the Standard Oil Company, Indiana, for a gift of 
two dextrorotatory acids isolated from wool wax, to Dr. D. A. Sutton, Dr. W. S. Rapson, and 
Dr. R. E. Bowman for helpful advice, to Messrs. D. Gray and F. W. G. Schéning for micro-analyses, and 
to Mr. F. R. L. Schéning for the X-ray measurements. The author thanks the South African Council for 
Scientific and Industrial Research for permission to publish this paper. 


NATIONAL CHEMICAL RESEARCH LABORATORY, 
PRETORIA, SOUTH AFRICA. [Received, February 26th, 1951.) 











[1951} Amino-acids and Peptides. Part IV. 1745 


380. Amino-acids and Peptides. Part IV.* The Solubility Criterion 
of Chemical Purity with Special Reference to Amino-acids : the Use 
of Refractive-index Measurements. 


By E. W. WittiaMs and G. T. Youna. 


In the application of the solubility criterion of chemical purity, it is 
necessary to be able to detect differences in the concentration of solutions in 
equilibrium with varying amounts of excess of solute. This paper describes 
a method in which refractive-index measurements are used for this purpose. 


THE application of the solubility criterion of chemical purity was discussed in Part III of this 
series,* where a method was described in which differences in solubility are detected by 
observing the difference in vapour pressure of saturated solutions. It was pointed out that 
properties other than vapour pressure may provide the basis for such a test, and we describe 
here a procedure in which refractive-index measurements are used in this way. 


Fic. 1. 
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A. Potassium nitrate in ‘‘ AnalaR"’ sodium chloride. 

B. pi-Alanine in glycine. 

C. L-Aspartic acid hydrochloride in L-glutamic acid 
hydrochloride. 


In brief, the method involves the preparation of two saturated solutions, one in equilibrium 
with a slight excess of solute and the other in equilibrium with a large excess. The refractive 
indices of the two solutions are then measured; if the solute is pure, these values should be 
identical. When an interferometer is available, this should provide the most sensitive means 
of determining the difference in refractive index, but for most purposes separate ob ‘ervations 
with an Abbé refractometer will be found satisfactory, and this procedure has been used in the 
present work. 

The sensitivity of the method under typical conditions has been determined for mixtures 
containing varying amounts of (a) potassium nitrate in “ AnalaR’”’ sodium chloride, (b) pL- 
alanine in “‘ AnalaR ”’ glycine, and (c) L-aspartic acid hydrochloride in L-glutamic acid hydro- 
chloride. The conditions used are given in the Experimental section. Fig. 1 shows the 
differences between the refractive indices of the pairs of saturated solutions prepared from each 
series of mixtures. The differences are seen to be approximately proportional to the amount 
of added impurity and this method appears to be capable of detecting readily ca. 0-3% of the 
contaminant in the first two cases, and as little as 0-1% in the third case. It should be possible 
both to increase the sensitivity and to diminish considerably the quantity of material required 

The application of the phase rule to the differential solubility criterion of purity has been 
discussed in Part III (loc. cit.). Refractive-index measurements should normally detect 


* Part III, J., 1951, 1279. 
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differences in the concentration of the saturated solutions, but exceptional cases may be 
envisaged in which impurities dissolve without affecting the refractive index, for example by a 
combination of opposing effects or by reason of compensating volume changes on dissolution. 
Observations in a second solvent will then provide additional evidence. If the nature of the 
expected impurity is known, empirical experiments with known mixtures should establish a 
firm basis for the examination of unknown samples. Within this limitation, this method may 
at times prove more convenient than the vapour-pressure procedure. 

As in the latter case, proof of identity analogous to that of “‘ mixed melting points ’’ may 
also be obtained by this method; a solution saturated with both the known and the unknown 
material should have the same refractive index as that of a solution saturated only with the 
known sample, if the two substances are identical. The refractive-index method should find 
useful applications for many types of compound other than the amino-acids, and it may be 
especially valuable for the examination of materials which decompose above room temperature. 


EXPERIMENTAL. 


Method.—The following procedure is typical of that used to establish the purity of a substance, 
aqueous solutions being used. 

A test-tube (ca. 8 x 1 cm.) is drawn out as shown in Fig. 2(a), and the sample (A) is weighed into the 
tube in amount just sufficient to saturate 0-2 ml. of water and to leave a visible excess. The water (0-2 ml.) 
is then added. A small ping of glass wool is now pushed into the constriction at B. A second neck is 
then formed at C [Fig. 2(b)) and the tube is evacuated at the water-pump and sealed by drawing off at C. 
A second tube is prepared similarly, containing approximately five times the weight of solute but the 
same volume of solvent (0-2 ml.). The two tubes are then immersed in a thermostat, kept about 1° 
below the temperature at which the refractive indices are to be measured ; in this way, the possibility of 
deposition of solids upon the prism of the refractometer is avoided. In the present work, the thermostat 
was kept at 17°. 

We have found that equilibrium is normally established within 3 days at this temperature. The 
tubes are then removed and the seals broken to restore atmospheric pressure. They are then resealed 
and the saturated solutions are centrifuged through the glass wool plugs into the empty ends of the 
tubes. The tubes are then opened and the refractive indices of the two solutions are determined on 
the Abbé refractometer. 

It is possible to establish equilibrium within a few hours by heating the tubes to 100° after evacuation ; 
there may, however, be some danger of supersaturation on cooling to room temperature, and we have 
preferred to wait for the longer period without heating. 

E. ination of Synthetic Mixtures.—The compositions and results are shown in Fig. 1. In each 
case, one tube contained 0-2 g. of the mixture, and the other 1-0 g.; 0-2 ml. water was added to each. 


THe Dyson PERRINS LABORATORY, OxFORD UNIVERSITY. (Received, March 3rd, 1951.) 








381. Toxic Factor from Agenized Proteins: Infra-red 
Measurements. 
By L. N. SHort and H. W. THompson. 


Infra-red spectra of the toxic factor from agenized proteins previously 
examined by other workers, and of compounds of related chemical structure, 
have been measured. The results confirm the suggestion that the toxic agent 
is the sulphoximine from L-methionine. 


S1ncE the discovery by Mellanby (Brit. Med. J., 1946, II, 885; 1947, II, 288) that flour 
which has been treated with ‘“ Agene’’ (nitrogen trichloride) produces hysteria in dogs, 
attempts have been made to isolate the toxic factor involved. In a series of communications 
Bentley, McDermott, Pace, Whitehead, and Moran (Nature, 1949, 168, 675; 1949, 164, 
438; 1950, 165, 150) have described the separation of a compound which appeared to 
be responsible for the effect. On the basis of analysis and chemical reactivity, they suggested 
that it is a derivative of methionine having the structure (I), and 
have called this a sulphoximine. 

It was suggested that infra-red spectra might provide additional 
or confirmatory evidence, and we have therefore measured the 
spectra of the toxic factor and of a series of compounds, of structure 
related to (I), which were kindly provided for us by the above workers. The spectra were 
recorded with a Perkin-Elmer 12C instrument, using prisms of rock salt and lithium fluoride. 
The substances were examined as solid powders in paraffin and “ perfluorokerosene.”’ 


g 
CHy'$-CH,-CH,-CH-CO,H 
NH NH, 

(I.) 
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We have measured the spectra of two samples of the toxic factor (X), and since they showed 
important differences this requires some explanation. Bentley, McDermott, Pace, Whitehead, 
and Moran found that the factor could be separated by means of the picrates and 
chromatographically into two parts A and B, which although apparently chemically identical, 
differed in toxicity. They suggested that A and B might be diastereoisomers. The first 
sample of the factor measured had an infra-red spectrum very similar to that of B, but also 
showing definite signs of bands of A, suggesting that it may have been an incompletely 
fractionated sample. The second specimen of the toxic factor had a spectrum identical with 
that of A. 

The spectrum between 5 and 15 yu. of the second sample is shown in Fig. 1. It shows bands 
in the region 1300—1500, near 1600, and near 2900 cm.-! (not shown) which are compatible with 
its being some kind of amino-acid, although taken alone this is not very characteristic. It may 
be noted, however, that it has a band near 2120 cm.-! which is common to most simple 
amino-acids (cf. Nicholson, Short, and Thompson, Discuss. Faraday Soc., 1950, 9, 222). 
Fig. 2 shows the spectra of pi-methionine, pt-methionine sulphoxide, and pt-methionine 
sulphone. The similarity between the spectra is perhaps less close than might have been expected 


Fie. 1. 
Spectra of solids in Nujol. 


S 











§ 
i 
Q 
: 











for such closely related structures. Fig. 2 also includes the spectra of dimethyl sulphoximine, 
synthesized by Bentley et al. (Nature, 1950, 165, 735; J., 1950, 2081). Spectra are also included 
for S-methylcysteine and its sulphoxide and sulphoximine, the lower homologues of the 
methionine series. 

The most striking feature of the spectrum of X is the occurrence of two strong bands near 
1020 cm. and 1210 cm.-!. Characteristic bands of the sulphoxide and sulphone groups have 
already been discussed by Barnard, Fabian, and Koch (J., 1949, 2442) and by Schreiber 
(Analyt. Chem., 1949, 21, 1168). Sulphoxides give a band near 1035 cm.-!, while sulphones 
have a pair at 1150 and 1290 cm.-'. Bands at the appropriate frequencies occur as expected 
with methionine sulphoxide and sulphone, and S-methylcysteine sulphoxide. If X had the 
sulphoximine structure we might expect a pair of intense bands due respectively to the S-O and 
S=N bonds, as is indeed found. We can in fact imagine that in a sulphone each S-O link would 
in itself give rise to a frequency around 1200 cm.-!, the contiguous pair splitting into the two 
observed bands at 1150 and 1290 cm.-". Thus we can reasonably attribute the band found 
with X at 1210 cm.-! to the S=O linkage, and then assign the band near 1020 cm.-' to the S=N 
bond. Unfortunately we have no other evidence about the relative strength of the S=O and 
S=N linkages which might suggest relative values for the vibration frequencies. 

The synthetic sulphoximines from dimethy! sulphoxide and S-metliylcysteine also have 
strong bands in the region of 1020 and 1210 cm.-. 

Sulphoximines have also been synthesised from L-methionine and pi-methionine, these 
being labelled S, and S, respectively in Fig. 1. The spectrum of S, was identical with that of A 
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and of the second sample of X. This can be taken as perfect confirmation of structural identity, 
particularly in the light of the highly characteristic nature of the spectra already mentioned. 
The spectrum of S, differed from that of S, much as might be expected of an enantiomorph and 
a racemate, but it may also be noted that it differed also from the spectrum of B. The exact 
nature of B is therefore undecided, although the differences may be connected with stereo- 
isomerism about the sulphur atom taken together with such isomerism about the a-carbon atom. 


Fic. 2. 
Spectra of solids in Nujol. 
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(1) pL-Methionine. (5) S-Methylcysteine. 

(2) pL-Methionine sulphoxide. (6) S-Methylcysteine sulphoxide. 
(3) DL-Methionine sulphone. (7) S-Methylcysteine sulphoximine. 
(4) Dimethyl sulphoximine. 


There is one alternative interpretation of the structure of X, namely that it is really an 
“oxime "’ of the type >S:N-OH. There is good chemical evidence against this, and the 
spectrum also appears to exclude it. The “ oxime’”’ structure might be expected to show 
stretching and bending modes of the O-H bond near 3 and 10 u., the exact positions being 
dependent on hydrogen-bonding relationships. There are indeed bands near these wave- 
lengths, but that near 3200 cm.-! could be equally explained by the =NH group and we have 
already given a more reasonable assignment to the band at 1020 cm.-!. Moreover, measurement 
of the spectra of simple oximes gave no strong bands of this kind near 1000 and 3200 cm.-. 
A further point is that partial deuteration of S,, though introducing some small spectral changes 
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did not appreciably affect either of the bands near 1020 and 1210 cm.-?. The band near 
3200 cm.-! was displaced by deuteration to lower frequencies but this could of course equally 
well occur with an N-H or O-H bond. 

All the above results therefore confirm the sulphoximine structure proposed for the toxic 
factor. Some of the minor spectral changes found in different compounds of related structure, 
especially those near 6 u., might be caused by small variation in the degrees of hydrogen-bridge 
formation between S—O, NH, and the NH or C=O linkages in the amino-acid part of the skeleton 
caused by differences in the folding of the chain. Unfortunately we have no means of examining 
this further. 


We are grateful to the workers at the Research Association of British Flour Millers for drawing our 
attention to this problem, and to the Australian National University for a Scholarship to one of us. 


PuysicaL CHEMISTRY LABORATORY, OXFORD UNIVERSITY. (Received, January 27th, 1951.) 





382. The Kinetics of the Thermal Decomposition of Olefins. 
Part I. Propylene. 


By K. U. INGcotp and F. J. Stusss. 


The thermal decomposition of propylene in a static system has been 
investigated over a pressure range of 50—500 mm. and a temperature range 
570—650°. Analyses of the products of the reaction were made at various 
stages, temperatures, and pressures. The observed pressure increase was 
shown to be a measure of the propylene decomposed for the first half of the 
reaction. 

The decomposition was a homogeneous first-order reaction with activation 
energy 57°1 kcals./g.-mol. 

The products of decomposition are mainly methane, ethylene, hydrogen, 
a condensable intermediate which subsequently decomposes, and carbon. 
A mechanism of decomposition has been suggested. 

Below 570° polymerisation occurs as well as decomposition. 


Tue thermal decomposition of a normal saturated paraffin yields an olefin and a lower paraffin. 
In making a detailed study of this decomposition it is therefore important to know the relative 
stability of the olefinic portion of the product. In the pyrolysis of the higher paraffins (e.g., 
n-heptane), secondary decomposition of the products gives rise to a sigmoid type of Ap-time 
curve; if all the products and their rates of decomposition are known, it should be possible to 
analyse this sigmoid curve (Stubbs and Hinshelwood, Proc. Roy. Soc., 1950, A, 200, 458 et seq.). 
When the products from the decomposition of these higher paraffins are examined, it is important 
to know whether the ethylene and propylene have been produced in the primary rupture of the 
paraffins, or by a secondary reaction of a larger olefin. 

For a study of the olefin series, propylene seemed a convenient starting point, and although 
several investigations have been made in recent years none of them applied to the conditions 
in which the paraffin decomposition has been studied in this laboratory (Frey and Smith, Ind. 
Eng. Chem., 1928, 20, 948; Burnham and Pease, ]. Amer. Chem. Soc., 1942, 64, 1404; Szwarc, 
J. Chem. Physics, 1949, 17, 284; Hurd and Meinert, J. Amer. Chem. Soc., 1930, 52, 4978). 


EXPERIMENTAL. 


The apparatus and experimental technique have already been described (Stubbs and Hinshelwood, 
Proc. Roy. Soc., 1950, A, , 458). Propy’ was prepared from pure isopropy] alcohol by the action 
of phosphoric oxide. Alcohol carried over with the propylene was removed in a trap cooled to 0°. The 
= was then condensed in a liquid-air trap and fractionated, a small middle fraction only being 
collected. 

The gaseous products of the reaction were analysed by the conventional methods with a Bone and 
Wheeler apparatus : the principal products were hydrogen, methane, and ethylene. Unchanged propyl- 
ene was measured by absorption in 82-4% sulphuric acid (Hurd and Spence, J. Amer. Chem. Soc., 1 39, 
51, 3353). Ethylene was absorhed with saturated mercuric acetate. Hy en was determined by 
slow combustion at 275° over copper oxide, and methane by explosion with oxygen. 

Carbon dioxide was used as a reference gas, a known amount (about one-sixth of the a ye 
pressure) being added to the propylene. Analysis of the ratio of carbon dioxide to propylene after 
pyrolysis showed how much propylene had decomposed. Preliminary experiments showed that the 
addition of carbon dioxide had no effect on the course of reaction. 
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General Form of the Ap-Time Curves.—The change of pressure during the decomposition of 300 mm. 
of propylene at four different temperatures is shown in Fig. 1. At low > the initial part of 
the reaction is a polymerisation and there is at first a decrease of pressure, followed after some time by an 
increase. At higher temperatures there is little or no negative pressure change at the beginning, though 
the initial rate is still zero or very small (even at 630°). The rates taken from the Ap-time curves for 
comparative purposes were therefore maximum rates (not initial rates as previously with the paraffins), 
the initial rates being useless as criteria for comparison. 

In order to find out how far these Ap-time curves are a definite measure of the rate at which propylene 
is consumed, the amounts of residual propylene and of reaction products were determined by analysis 


Fic. 1. 
Ap-Time curves for the decomposition of 300 mm. of propylene at various temperatures. 
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over the course of the reaction. The curve for propylene consumed proves in fact to be of the same 
general form as the Ap-time plots (Fig. 2). If the comparison of the Ap-time plots at different temper- 
atures and pressures is to have any real meaning it is necessary to find out whether for a given pressure the 
same Ap corresponds at all temperatures to the same amount of propylene decomposed, and similarly 
whether at a given temperature the same Ap : initial pressure ratio corresponds to the same percentage 
decomposition of the propylene. 

In Fig. 3 the observed Ap for the decomposition of 300 mm. of propylene for the temperature range 
500—630° is plotted against the propylene consumed. It is seen that from 570° to 630° during the initial 
third of the reaction the curves are coincident. Below 570°, however, for a given Ap more propylene is 
used up. Fig. 4, moreover, shows that it is permissible to compare Ap—time curves for different initial 
pressures, at constant temperature. The “ induction period "’ of a Ap-time curve is taken as the time 
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from the start of the reaction to the point on the axis cut by a tangent at the point of maximum slope of 
the curve. It decreases with rise o temperature and varies from 1} minutes to a few seconds over the 
temperature and pressure range covered in the study of the activation energy. 

Variation of Rate with Pressure.—The variation of rate, r, with initial propylene pressure is recorded 
for a series of temperatures in Fig. 5. At each temperature the reaction is of first onder with a character- 
istic transition to second-order kinetics at lower pressures (a plot of p,/r against 1/, gives a straight line). 
Other workers on the decomposition of propylene have stated that the reaction is of the first order. 

A plot of log (maximum rate) against the reciprocal of the absolute tem: ture for an initial propyl- 
ene pressure of 300 mm. is a straight line from 630° to 520°. (At 500° the rate falls below this line.) 
The activation energy calculated from this _— was 57-1 kcals./g.-mol. In order to make this investig- 
ation com ble with the recent work on the variation of activation energy with pressure for the full 
inhibited decompositions of normal paraffins (Ingold, Stubbs, and Hinshelwood, Proc. Roy. Soc., 1950, a 


Fic. 3. 
Thermal decomposition of 300 mm. of propylene 
at various temperatures : plot of observed Ap 
against propylene decomposed. 
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208, 486), the activation energy of the propylene decomposition was studied from 50 to 500 mm. pressure 
over a temperature range from 590° to 650°. Little or no variation was found. 


Since from 630° to 570° curves of Ap against propylene decomposed are coincident in their initial 
regions, the Ap—time curves for a given pressure can be compared in terms of the times required for a 
definite increase of pressure. A plot of log (time for APD = 30 mm.) against 1/T for an initial pressure of 
300 mm. in fact yields a straight line from 630° to 520°. The activation energy calculated from it is 
56-7 kcals./g.-mol., in agreement with that obtained from the maximum rates. 


Experiments with a packed reaction vessel showed that the rate of decomposition of propylene was 
reduced slightly. Measurements at different temperatures, however, proved the activation energy to be 
the same as in the unpacked vessel. 


Investigation of Reaction Products.—Except for the work of Burnham and Pease on the polymerisation 
of propylene at 5(\0°, its thermal decomposition has always previously been studied in a flow system. 
All workers found methane and ethylene to be the main reaction products, together with smaller amounts 
of hydrogen, ethane, and higher hydrocarbons. In all cases the ratio of methane to ethylene was found 
to be roughly 1:1. The present analytical work shows, however, that the relative concentrations of the 
products in a static system are entirely dependent on the degree of decomposition (Fig. 6), the product 
molecules being subject to further reaction. Even at a rather low percentage conversion (8%) the 
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ratio of methane to ethylene (at 600°) is nearer 2: 1 (Fig. 6). This ratio remains about the same up to 
about 70% decomposition. It then becomes even larger, because the concentration of ethylene passes 
through a maximum (after about 80% reaction). The concentration of methane on the other hand con- 
tinues to increase throughout the course of the reaction. The hydrogen concentration follows that of 
ethylene. Similar results were obtained by Hurd and Meinert (Joc. cit.), who found that the concentra- 
tion of methane increases with increasing temperature and time of contact. 

In their analytical work Hurd and Meinert were able to account for most of the hydrogen as molecular 
hydrogen, gaseous hydrocarbons, or liquid polymers, but they were not able to account for all the carbon. 


Fic. 5. 
Rate—pressuve curves for propylene decomposition at various temperatures. 
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Fic. 6. 
Thermal decomposition of 300 mm. of propylene at 600° : variation of reaction products with time. 
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Fig. 7 shows the percentage of hydrogen and carbon accounted for in the present work in the gaseous 
products during the decomposition of 300 mm. of propylene at 600°. Similar curves were obtained at 
all the temperatures at which analyses were made. Nearly all the hydrogen is accounted for at the 
beginning and end of the reaction. Only two-thirds of the carbon is ever accounted for, and during most 
of the reaction a large my ape ee of both carbon and hydrogen fail to appear in the gas analysis. This 
fact must be explained by a polymerisation of propylene to liquid polymers and tars which condense and 
escape analysis. Elementary carbon is deposited on the walls of the reaction vessel in shiny hard flakes. 
Between 680° and 870° Szwarc found no involatile or polymeric substances, but the conversions were 
low. Hurd and Meinert at 600—-700° found carbon deposition together with the formation of aromatic 
liquids and a small amount of a heavy tar. They found that 20—25% of the propylene used was 
converted into aromatic liquids. 
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In the present investigation the concentration of condensable products (liquid polymers) was deter- 
mined in two ways : (1) Subtraction from the total pressure at the time of sampling gives the pressure of 
condensable products; (2) the gaseous products in the reaction vessel were shared with an evacuated 
vessel cooled in solid carbon dioxide and acetone. The sharing factor between the two vessels was 
measured with propylene (which did not condense). The liquid polymers condensed out in spite of their 
low partial pressure. From the final pressure the amount of condensable material in the reaction vessel 
could be calculated. Results obtained by the two methods were in good agreement. 


Fig. 2 shows how the condensable products increase steadily to a maximum and then gradually 
decrease towards the end of the reaction. The maximum occurs when about two-thirds of the propylene 


has been consumed, and as indicated in Fig. 2, the pressure of condensable products is slightly greater 
than the observed Ap at this point. 


Hurd and Meinert identified benzene and toluene in the liquid polymer, and found indications of 


naphthalene and phenanthrene. They found no allene or polymers of allene among the = At 
a considerably higher temperature, however, Szwarc found allene and a small quantity of diallyl. 


For a rough identification of some of the substances formed a cooling curve of the gaseous products 
was determined (after a rapid cooling to 400° to freeze the reaction). Steps in the curve gave indications 
of a C, or C,, a Cy, and a C,, compound. Moor, Strigaleva, and Frost (J. Gen. Chem. U.S.S.R., 1937, 
7, 860) pyrolysed and polymerised propylene at atmospheric pressure from 610° to 720° by a flow method. 
They found the products to be about half liquids ee of hydrocarbons with 5, 6, 7, and more carbon 

es 


atoms, chiefly olefins and aromatic compounds. aseous products were methane, ethylene, and 
hydrogen. 


Fic. 7. 


Thermal decomposition of 300 mm. of propylene at 600°: percentage of carbon and hydrogen accounted 
for in gaseous products. 
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Effect of Nitric Oxide.—Propylene, like nitric oxide, acts as an inhibitor of chains in the decomposition 
of the normal paraffin hydrocarbons, and it is therefore interesting to find whether it is itself able to 
inhibit completely any chains that may start in it. Experiment shows that the addition of nitric oxide 
in any but the smallest amounts produces an increase of rate. Less than 2% of nitric oxide appears to 
reduce the rate very slightly. Analysis shows that when the rate is increased by nitric oxide, the latter 
is consumed as the reaction proceeds. Carbon monoxide and carbon dioxide are also found in the reaction 
products, so that some oxidation reaction occurs. The absence of appreciable inhibitory effects at low 


concentrations of nitric oxide suggests strongly that chain reactions are not playing an important part in 
the total reaction. 


DISCUSSION. 


From the foregoing evidence we conclude that at temperatures around 500° propylene 
polymerises with consequent decrease of pressure. The polymerisation is assumed to be 
bimolecular, and the dimer first formed can react with more propylene to give higher polymers 
which can then react to give tars and gaseous products. 

Fig. 3 shows how polymerisation and decomposition compete. At higher temperatures the 
decomposition predominates, and from 570° to 630° the observed Ap measures the propylene 
consumed as long as Ap does not exceed 30 mm. at an initial pressure of 300 mm., i.e., about half 
the propylene decomposed. As shown in Fig. 7, the deficiency of hydrogen and carbon in the 
gaseous products increases rapidly at the beginning of reaction. At first, all the hydrogen is 
probably accounted for, and possibly all the carbon. Only near the end aoes the balance of 
hydrogen rise towards 100%, but that of carbon does not. The inference from this is that the 
decomposition occurs with the formation of both gaseous and condensable products. Some of 
the latter are stable nearly to the end, and they then gradually yield gases and deposit solid 
carbon. It is noteworthy that a proportion of the condensable products is fairly stable until 
two-thirds of the propylene has been consumed. 
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The Ap—time curves in Fig. 1 show an upward curvature before attaining the maximum rate. 
This “‘ lag’ gets less as the temperature rises. These facts suggest that the propylene at first 
decomposes without change of pressure to give intermediates which subsequently decompose 
further, these subsequent decompositions setting in sooner at higher temperatures. 

As shown in Fig. 5, the reaction is of the first order (except at low pressures when the 
characteristic transition to second-order kinetics occurs). The use of these results is justified 
by those given in Fig. 4, where the percentage pressure change is shown to be a measure of the 
percentage propylene consumed for three different initial pressures. Therefore we suggest that 
the initial reactions may be represented by : 


propylene —> A+B NE St Seri a>, ow cde ete 
A+ propylene —> C ee: bes ae ee 


(i) and (ii) jointly give rise to no change of pressure. The product C must obviously suffer a 
series of reactions, accompanied by an increase of pressure. 

Fig. 2 shows that the condensable products increase steadily until two-thirds of the propylene 
has been consumed (cf. hydrogen and carbon deficiency in Fig. 7). Methane and ethylene in- 
crease steadily up to Ap > 30, i.e., when more than half the propylene has decomposed. Also 
the observed rate rises quite rapidly to a maximum, though not immediately (Fig. 1). Therefore 
we must suppose that we have 


hf en ee es 
followed possibly by 


propylene + D ——> D’ Ne el ee ee ee ee 
oe a. Oe eee a a Be ee ce 


E and E’ are gases of low molecular weight, but eventually D’’ is a polymer which is free enough 
from hydrogen to be relatively stable nearly to the end of the reaction. In the slow last stages 
it decomposes to give moré gas and deposits carbon. 

Fig. 6 shows that in the very early stages of the reaction methane is formed more freely than 
ethylene, and this suggests that B is in fact CH, and equation (i) becomes 


C,H, —> CH, + C,H,* (* = activated) 


The product C in equation (ii) would therefore be CH,°CH,°CH:C:CH, or 
CH,°CH:CH’CH:CH,. This on decomposing could yield CH,°C:?CH + C,H, [i.e., D+ E in 
(iii)]. Up to this stage the ethylene formed is equal to the methane, so we may suppose that the 
process continues 


CH,°CiCH + propylene —» CH,CH,CH‘C:;CH-CH, . . (ef. iii) 
(D) (D’) 


—»> CH,ICICICH-CH,+CH, . . (ef. iv) 
(D”) (E’) 


The compound CH,-:C:C:CH’CH, and compounds of similar type decompose slowly, and its 
concentration builds up nearly until the end of reaction. The above reaction scheme without 
any addition would mean that 


3 propylene ——> 2CH, + C,H, + D” 


i.e., that the amount of methane should be twice that of ethylene, and as shown in Fig. 6, for the 
first two-thirds of reaction this is true. Also ethylene should equal Ap, and reference to Figs. 
2 and 6 confirms this. Again, the value of Ap should equal the formation of D” and Fig. 2 
shows that up to Ap = 30 this isso. The condensable products (D’’) accumulate steadily until 
over half the propylene has reacted. The maximum concentration of condensable products is 
rather more than the observed Ap, but in a static system many condensation reactions can occur. 

Another interesting feature is that if the carbon defect, expressed as the number of carbon 
atoms, is divided by the concentration of condensable product, the result indicates about 6 
atoms of carbon to each molecule of tondensable polymer. 
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Chains cannot be propagated in propylene over the temperature range used in this investig- 
ation, since it is an inhibitor. At higher temperatures, where.the allyl radical (C,H,*) may not 
be particularly stable, it is quite possible that a radical mechanism, with or without the propag- 
ation of chains, may predominate. This mechanism would have a higher activation energy, as 
found by Szwarc, whose measurements were made over a temperature range some 200° higher 
than the present ones. 

It may be concluded then that over the range 570—650° propylene decomposes mainly by a 
molecular rearrangement reaction, the suggested mechanism accounting for the available 
experimental results. Since the reaction has first-order kinetics, steps (ii) and (iv) must be very 
much faster than the others. Step (iii) is rather faster than step (i) (unimolecular and rate- 
determining), and the concentration of C soon reaches a small steady value. The condensable 


product D” is virtually an end product as far as concerns the part of the reaction where the 
kinetics are studied. 


The authors are grateful to Professor Sir Cyril Hinshelwood for much valuable advice in connection 
with this work. Z 
PuysicaL CHEMISTRY LABORATORY, 
OxForD UNIVERSITY. (Received, February 6th, 1951.) 





383. Studies in Molecular Rearrangement. Part VI.* Syntheses 
and Oxotropic Rearrangements in the cycloPentenyl Series. 


By E. A. Braupe and W. F. Forses. 


1-Chlorocyclopentene has been converted into cyclopent-l-enyl-lithium. 
The latter reacts with carbon dioxide to give cyclopent-l-enecarboxylic 
acid and dicyclopent-1l-enyl ketone, and with benzaldehyde, acraldehyde, and 
crotonaldehyde to give the expected cyclopent-l-enylcarbinols (I, V, and 
VII). In the presence of acids, cyclopentenylphenylcarbinol undergoes the 
usual oxotropic rearrangement to 2-benzylidenecyclopentanol (II) which 
is dehydrated to 2-benzylidenecyclopentene (III) and oxidised to 
2-benzylidenecyclopentanone (IV). cycloPentenylvinylcarbinol similarly re- 
arranges to 2-allylidenecyclopentanol (VI), whereas cyclopentenylpropenyl- 
carbinol rearranges to 4-cyclopent-l’-enylbut-3-en-2-ol (VIII) which is 
converted by oxidation with manganese dioxide into 4-cyclopent-1’-enylbut- 
3-en-2-one (IX). 

The opposite directions of migration of the hydroxyl group in the vinyl- 
and propenyl-carbinols correspond with the observations previously made 
(Part V, J., 1950, 2014) in the case of the cyclohexenyl analogues. The results 
are discussed in relation to earlier work by Kon, Linstead, and their 
collaborators on similar prototropic systems. 


In a previous paper (Part V, loc. cit.; cf. Braude, Coles, and Timmons, Nature, 1950, 166, 58) 
the synthesis and oxotropic rearrangements of some cyclohex-l-enylcarbinols were described. 
This work is being extended to substituted cyclohexenyl as well as to lower- and higher- 
membered cycloalkeny] homologues and the present communication deals with the cyclopentenyl 
derivatives. 

The synthetic method employed depends on the formation of cyclopent-1-enyl-lithium from 
1-chlorocyclopentene. The latter was first obtained by Favorskii and Shostakovsky (J. Gen. 
Chem. U.S.S.R., 1936, 6, 720), but our experience concerning its preparation and properties 
is not entirely in accord with their results. Whereas the conversion of cyclohexanone (Part V, 
loc. cit.) and of cycloheptanone (Braude and Forbes, unpublished) irto the 1-chlorocycloolefin by 
means of phosphorus pentachloride proceeds smoothly, the corresponding reaction of cyclo- 
pentanone is attended by considerable polymerisation and yields a mixture of | : 1-dichloro- 
cyclopentane, the desired 1-chlorocyclopentene, and its 3-chloro-isomer. The behaviour of 
cyclopentanone thus resembles that of alicyclic ketones, which also generally give mixtures 


* Part V, J., 1950, 2014. 
5x 
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(Favorskii, J. pr. Chem., 1913, 88, 641). The reaction of ketones with phosphorus pentachloride 
in all probability involves an addition to the carbonyl group to form an intermediate of the 
type R,CCl-O*PCl, (Favorskii, Joc, cit.; cf. Atherton, Clark, and Todd, Rec. Trav. chim., 1950, 
69, 295), followed by elimination either of POC], to give the 1: 1-dichloro-derivative or of 
HO*PCI, to give the chloro-olefin, and the course of the elimination may well be conditioned by 
the steric strain in the chlorocycloolefin. 1-Chlorocyclopentene, which is the most highly 
strained member of the series, is also the least readily formed and even when pure is much less 
stable than 1-chlorocyclohexene ; it is decomposed by water at room temperature and regenerates 
cyclopentanone when warmed with aqueous alcoholic silver nitrate, a reaction which also proves 
its structure. The ready hydrolysis of 1-chlorocyclopentene contrasts with that of acyclic and 
higher-membered cyclic 1-chloro-olefins which requires considerably more drastic conditions 
(cf. Finch and Marple, U.S.P. 2,354,512; Chem. Abs., 1944, 38, 6302; Wichterle, Prochazka, 
and Hofman, Coll. Czech. Chem. Comm., 1948, 18, 300; Cope and Schmitz, J. Amer. Chem. Soc., 
1950, 72, 3056). 

The conversion of 1-chlorocyclopentene into cyclopentenyl-lithium by reaction with lithium 
in ether takes place rather less readily than the formation of cyclohexenyl-lithium (Part V, Joc. 
cit.) (see Experimental). The lower reactivity of 1-chlorocyclopentene towards lithium may 
be genuine, or it may be only apparent and arise from the greater difficulty of purification. 
Treatment of the solution of cyclopentenyl-lithium with solid carbon dioxide afforded a mixture 
of cyclopent-l-enecarboxylic acid and dicyclopent-l-enyl ketone. The ketone was characterised 
by a 2: 4-dinitrophenylhydrazone and exhibits the expected ultra-violet light absorption (see 
Table); its structure was confirmed by catalytic hydrogenation to dicyclopentyl ketone. The 
formation of ketone as well as of carboxylic acid in the reaction with solid carbon dioxide has 
also been observed with cyclohexenyl- (Part V, loc. cit.), propenyl- (Braude and Coles, J., 1951, 
in the press), and isobutenyl-lithium (Part III, Braude and Timmons, J., 1950, 2000); the 
proportion of acid to ketone is greater the larger the excess of carbon dioxide employed, but the 
combined yields of acid and ketone are only ca. 20%—considerably lower than the yields of 
condensation products with other carbonyl compounds (cf. below). 

cycloPentenyl-lithium and benzaldehyde afforded, in 30% yield, cyclopentenylphenyl- 
carbinol (I), the structure of which was confirmed by catalytic hydrogenation to cyclopentyl- 
phenylcarbinol and oxidation of the latter to cyclopentyl phenyl ketone. In the presence of 
hydrochloric acid in aqueous acetone, cyclopentenylphenylcarbinol undergoes the usual 
oxotropic rearrangement and is quantitatively converted into the solid, conjugated isomer, 
2-benzylidenecyclopentanol (II) which was characterised by a p-nitrobenzoate and its light 
absorption (see Table). Distillation of (II) from potassium hydrogen sulphate afforded 


+—CH(OH)Ph = —CHPh —CHPh 
Ge. Pa Y Pas 
(I.) : (III.) (IV.) 


2-benzylidenecyclopentene (III), and Oppenauer oxidation gave 2-benzylidenecyclopentanone 
(IV), characterised by a 2: 4-dinitrophenylhydrazone. This derivative is also formed, though 
in low yield, when 2-benzylidenecyclopentanol is heated for a short time with Brady’s reagent, 
a reaction found to be general for certain types of primary and secondary a-ethylenic alcohols 
and analogous in some respects to osazone formation from «-keto-alcohols (Braude and Forbes, 
succeeding paper). 

cycloPentenyl-lithium with acraldehyde and crotonaldehyde afforded, in 30—60% yields, 
cyclopentenylvinylcarbinol (V) and cyclopentenylpropenylcarbinol (VII), respectively. The 
structure of the latter was confirmed by catalytic hydrogenation to 4-cyclopentylbutan-2-ol. In 
the presence of dilute acids the cyclopentenylcarbinols undergo oxotropic rearrangement, but, 


(7 -CH(OH)-CH:cH, Opa 
. J IH 


(V.) (VI.) 


as in the case of the cyclohexenyl analogues (Part V, Joc. cit.) and presumably for the same 
reasons, rearrangement proceeds in opposite directions in the two cases. With the vinyl- 
carbinol, the hydroxyl group migrates into the ring, giving exclusively 2-allylidenecyclopentanol 
(VI), the structure of which was proved by catalytic hydrogenation to 2-propylcyclopentanol 
and oxidation of the latter to the known 2-propylceyclopentanone. With the propenylcarbinol, 
on the other hand, the hydroxyl group migrates along the side-chain, giving exclusively 
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4-cyclopent-1’-enylbut-3-en-2-ol (VIII). The structure of (VIII) was proved by oxidation with 
manganese dioxide in light petroleum (Ball, Goodwin, and Morton, Biochem. J., 1948, 42, 516; 
Wendler, Slates, and Tishler, J. Amer. Chem. Soc., 1949, 71, 3267; we are indebted to 
Dr. B. C. L. Weedon for communicating unpublished results concerning the application of this 


pC B(OH) CH-CHMe p—C#-CH-CHMe-OH (jC #-CH-CO-Me 


\Y ye \/ 
(VII.) (VIII) (IX.) 


method to the oxidation of secondary ethylenic alcohols) to the ketone (IX) which has recently 
been synthesised by a different route (Heilbron, Jones, Toogood, and Weedon, J., 1949, 1827). 
Both the rearranged carbinols exhibited the expected ultra-violet light absorption (see Table). 
As previously noted in some cases (Heilbron e¢ al., loc. cit.), the maxima of the five-membered 
ring derivatives generally lie at slightly longer wave-lengths than those of the six-membered 
ring analogues. 


Ultra-violet light absorption properties of cyclopentenyl and cyclopentylidene derivatives 
and their six-membered ring analogues in ethanol. 


cycloPenteny] series.* cycloHexeny] series.* 


cycloAlk-l-enecarboxylic acid ........+0-seeeeeeee 
Dicycloalk-l-enyl ketone ..........seseeceeeeeveeeee 
2-Benzylidenecycloalkanol 
2-Benzylidenecycloalkene ..........0+sseseeceeseeeee 
2-Allylidenecycloalkanol 
4-cycloAlk-1’-enylbut-3-en-2-ol coe ane seesesese 
4-cycloAlk-1’-enylbut-3-en-2-one * 
1 This paper, * Part IV (loc. cit.), * Heilbron ef al. (loc. cit.). 


In each of the three oxotropic systems described above, as in the case of the cyclohexeny] 
analogues (Part V, loc. cit.), the conversion of the unconjugated into the conjugated isomer is 
practically complete and no measurable equilibria are set up. Rearrangement of the cyclo- 
alkenylvinyl- and cycloalkenylphenyl-carbinols involves the formation of a cycloalkylidene 
group (as in II) and these results are of interest in relation to those obtained by Linstead, Kon, 
and their collaborators in their studies on related prototropic systems (for summaries and 
references, see Bennett, Ann. Reports, 1929, 26, 117; Baker and Bennett, ibid., 1931, 28, 105; 
Kon, ibid., 1932, 29, 136). In contrast to the behaviour of the oxotropic systems described 
above, the alkali-catalysed prototropic rearrangements of cycloalkenylacetic acids and some 
of their derivatives to the cycloalkylidene isomers are measurably reversible, and the position of 
the equilibrium is intimately dependent on the size of the ring system and the nature of the 
conjugating group. 


/&CHAX “CHX 
(CH = (CH. | (A = H or OH) 


(X.) (XI) 


In these systems the equilibrium might be expected to lie far to the side of the. cycloalkylidene 
compounds (XI), for two reasons. First, the cycloalkenyl group should involve rather larger 
ring-strain than does the cycloalkylidene group. Bennett’s discussion of this point (loc. cit.) 
requires some revision because it is now thought that the preferred angle between the two single 
valency bonds attached to an ethylenic carbon atom is not the tetrahedral value (109-5°), but 
more nearly 120° (cf. Penney, Proc. Roy. Soc., 1937, 158, 306; Coulson, Proc. Roy. Soc., Edinburgh, 
1941, 61, A, 115). An inspection of models shows that the cycloalkenyl —+> cycloalkylidene 
rearrangement will be accompanied by a decrease in ring-strain of about 10° in the five- 
membered and rather iess in the six-membered series, and it can be estimated from bending force 
constant data that a valency deflection of this magnitude should represent an energy difference 
of at least 10 kcals./mole (cf. Guy, J. Chim. physique, 1949, 46, 467). If this value possesses 
quantitative significance, and if, as might be expected, accompanying entropy changes are 
small, this would correspond to an equilibrium constant of about 10, i.e., 90% conversion into 
(XI), at ordinary temperatures. Secondly, the isomer (XI) will be stabilised by the additional 
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resonance energy of the C:CHX group. The extent of this stabilisation will be somewhat 
dependent on X, but should be of the same order for X = CH:CH,, Ph, COR, and CO,R. Its 
actual magnitude is rather uncertain, values ranging from 7 to only 1 kcal./mole having, for 
instance, been advocated for the styryl system (Pauling and Sherman, J. Chem. Physics, 1933, 
1, 606; Kistiakowsky eft al., J. Amer. Chem. Soc., 1936, 58, 146; Wheland, ‘ The Theory of 
Resonance,”” New York, 1944; Dewar, Trans. Faraday Soc., 1946, 42, 767; Cottrell and Sutton, 
J. Chem. Physics, 1947, 15, 685; Franklin, J. Amer. Chem. Soc., 1950, 72, 4278), but a lower 
limit of 3 kcals./mole seems probable, particularly in view of the fact that essentially complete 
rearrangement is observed in open-chain oxotropic systems (cf. Braude, Quart. Reviews, 1950, 
4, 404) in which ring-strain effects do not come into play. 

The results obtained with the oxotropic systems are thus in agreement with simple energetic 
considerations whereas those obtained with the prototropic systems are not. The difference 
in behaviour cannot be caused solely by the variation of the conjugating group X and must there- 
fore be at least partly, if not mainly, due to the difference in the migrating group. This 
conclusion is in accord with the view that three-carbon oxotropy and prototropy proceed: by 
quite distinct mechanisms. In acid-catalysed three-carbon oxotropy, the entity actually 
undergoing rearrangement is the oxonium ion as represented in (a) (Braude, J., 1948, 794; 
Ann, Reports, 1949, 46, 125); the addition of the proton to the hydroxyl group and the position 
of the equilibrium for the oxonium ions would be expected to be the same as for the neutral 
structures, i.e., essentially complete rearrangement would still be expected, and is, in fact, 
observed. In base-catalysed prototropy, on the other hand, the entity actually undergoing 
rearrangement is the carbanion as represented in (b) (cf. Ingold, Ann. Reports, 1927, 24, 106; 
J., 1948, 22) and the proximity of the fully developed negative charge to the unsaturated groups 


: Ht —Ht 
(a) Acid-catalysed oxotropy. ge « == segs te —> C—C=C'X = C—C=C'X 
H H,* H,* H 


Ht —~—_ Ht 
(6) Base-catalysed prototropy. Es a = c=c=—Cc-xX == eile 
H 


will have a pronounced effect on the relative stabilities of the two isomeric structures. Whereas 
in the unconjugated neutral derivatives and in their oxonium ions the resonance interaction 
between the two unsaturated centres will only be small, the carbanions are mesomeric ions 
which are subject to charge-resonance and in which the energy differences between the extreme 
forms are much reduced. There is, in fact, no valid distinction between the unconjugated and 
the conjugated forms, but a continuous distribution of the excess of electron density which can 
be expressed in terms of fractional charges on the a- and y-carbon atoms. The position of 
equilibrium in prototropy is thus determined, not by the relative stabilities of the neutral 
isomeric structures (X) and (XI) but by that of the corresponding carbanions and, for this 
reason, is different from and less one-sided than that observed in oxotropy. 

One difficulty, or apparent difficulty, which arises from the foregoing discussion is that, 
although it has been deduced that a five- and a six-membered cycloalkylidene group is thermo- 
dynamically more stable than a cycloalkenyl group, yet it has been shown that cyclopenteny!l- 
and cyclohexenyl-propenylcarbinol, unlike the corresponding vinylcarbinols, rearrange under 
mild acid conditions to give the conjugated cycloalkenyl derivatives (e.g., VIII) rather than the 
cycloalkylidene isomers. However, as has already been pointed out (Part V, Joc. cit.), the initial 
direction of rearrangement will be determined, not by the relative stabilities of the respective 
products, but by the relative rates of the two possible modes of rearrangement as 
conditioned by the activating influence of substituents. Since oxotropy requires 
electron-accession at the reaction centre, the activating influence will increase in the 
sequence CH,—CH- < R°CH,°CH—CH- < CH,°-CH—CH-’, thus accounting for the observed 
directions of rearrangement. It has been shown (Nazarov and Fisher, Bull. Acad. Sci. U.S.S.R., 
Ci. Sci. Chim., 1945, 631; 1948, 311, 427; Braude and Timmons, Part II, J., 1950, 2007) that, 
in acyclic, unsymmetrically substituted dialkenylcarbinols, the initial three-carbon oxotropy is 
followed by a much slower, five-carbon oxotropy which leads to an equilibrium mixture of the 
two conjugated isomers. It would therefore be expected that the cycloalkenylbutenols (e.g., 
VIII) will undergo a slow five-carbon oxotropy to give the isomeric cycloalkylidene derivatives, 
but we have so far been unable to establish suitable conditions for this change because of the 
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ease of dehydration and decomposition of the cycloalkenylbutenols at higher acid concentrations, 
Conversely, it would be expected that hydroxycycloalkylidene compounds will mof undergo 
rearrangement to the isomeric cycloalkenylbutenols, but again we have so far been unable to 
establish conditions to demonstrate this because the hydroxycycloalkylidene compounds readily 
undergo self-etherification at high acid concentrations. A more exhaustive discussion of 
mobilities and equilibria in these oxotropic systems will be presented later in conjunction with 
quantitative kinetic data. 


EXPERIMENTAL, 
(M. p.s are uncorrected.) 


ge wey fey eaten ae of this compound from tanone in 80% yield has 
been claimed by Tavowikii vos) lhostakovsky (J. Gen. Chem. U.S.S.R., 1936, 6, 720), but we have ~ 
been successful in duplicating this result. many trials, ook follo towing, pscondene was adop 
cycloPentanone (180 ml.) was added to a grade hosphorus at 0°, Apes wenttion 
mixture being rapidly stirred. The m Ses then 00 mae to Hoe-old water (31), and the 
dark lower layer formed was sentaieiead a again added” dropwise to ice-cold water (3 1.). This 
process was repeated 2—3 times until the lower layer no Butte fumed strongly in air. The product was 
dried (CaCl,) and rapidly fractionated through a a. i) Dufton column at atmospheric pressure. Ina 

ical run, the fo fractions were obtained : ml) (The (15 ml.), (ii) b. p. 111—116° 
(65 ml.), (iii) b. p. 117—138° (50 ml.), (iv) b. p. 190-14" 8 (The use of a more efficient column 
resulted in contain decomposition.) Fraction (i) consisted mainly of o“isee'tn Seam which is 
very unstable (Kraemer and Spilker, Ber., 1896, 29, 554; Nocldeches, ibid., 1900, 33, 3348) and rapidly 
reacts with aqueous-alcoholic silver nitrate solution as would be ‘expected for an lic chloride. 
Fraction (ii) consisted mainly of 1-chlo: which on refractionation was ed as a 
colourless, man: C —— gsm be? 113°/7 , n 1-4666 (Found: C, 58-4; H, ‘66; Cl, 35-4. 
Calc. for C,H 58-8; ; Cl, 34-8%) (avorskii and Shostakovsky, loc. cit., give b. p. 
113°/760 mm. }. By gives no ieee reaction with aqueous-alcoholic silver nitrate solution, with 
bromine in carbon tetrachloride solution, or with 2 : 4-dinitrophenylhydrazine in alcoholic sulphuric 
acid solution, but gives a pale yellow colour with tetranitromethane. It reacts slowly with water at 
room tem) ture, more rapidly with dilute acids and dilute alkalis, and decomposes even on being kept 
at 0°. en 1-chlorocyclopentene is warmed with an equivalent amount of silver nitrate in 50% aqueous 
ethanol, the quantitative amount of silver chloride is rapidly precipitated and cyclopentanone, identified 
as the 2: 4-dinitrophenylhydrazone, m. p. 145°, is formed. Fraction (iv) consisted mainly of 1 : 1-di- 
chlorocyclopentane, which after refractionation ‘had b. p. 143°/760 mm., n?} 1-4701 (Found: Cl, 50-8. 
Calc. for C,H,Cl,: Cl, 51-0%). Treatment of dichlorocyclopentane with aqu ueous-ethanolic potassium 
hydroxide under various conditions afforded mixtures of 1- and 3-chlorocyclopentene and unchanged 
starting material 


1-cycloPentenyl-lithinm.—Preshly distilled 1-chlorocyclopentene (31 g.) in ether (100 ml.) was added 
to a stirred suspension of finely cut lithium (4-1 g.) in sodium-dried ether (700 ml.) under nitrogen. 
When all the chloride had been added, the flask containing the reaction mixture was warmed (electric 
heating mantle) until the ether refluxed gently. Reaction set in after 2—6 hours as shown by a change in 
the ap ce of the lithium and the formation of a white turbidity; later the solution assumed a 
greenish-grey colour. Refluxing was continued for 6—10 hours, until most of the metal had been 
consumed. 


cycloPent-l-enecarboxylic acid and — ent-l-enyl Ketone.—Solid carbon dioxide (200 g.) was 
added to an ethereal solution of cyclopentenyl-lithium (from Li, 4-1 g.), cooled in solid carbon dioxide— 
methanol. After being stirred overnight, solution was acidi with dilute aqueous hydrochloric 
acid. The ethereal layer was separated and extracted with aqueous sodium carbonate. Acidification 
of the alkaline extract gave cyclopent-1-enecarboxylic acid (0-35 g., 1%), which crystallised from em 
Src oe (b. p. 60—80°) in needles, m. p. 122° (Haworth and Perkin, , 1894, ye pened ive m. p. ll 
21°; 24 Limeten’. J., 1934, 956, give m. p. 121°). Light absorption in ethan : Max. at 2110 
(e = 9300) aod | 2130 (¢ = 9100), inflection at 2060 a. (ec = 5200). The amide seperated from water in 
prisms, m. p. 205° (Kenner and Wain, Ber., 1939, 72, 456, give m. p. 206°). Evaporation of the ethereal 
solution gave dicyc rragy.at ketone (4 g-, , which omental from pentane in rods, m. _ 59° 
Found: C, 81-1; 8-7. ,O requires C, 81-4; H, 8- *3.7%%). Light absorption in ethano! 
able. The 2: Ldinisropienyliyde vazone was chromatographed on alumina from Rennenp-cblomstorsn 
solution and crystallised from ethanol in red - p. 163° (Found: C, 60-0; H, 5-6; N, 16-6. 


ais 1, eames C, 59-7; H, 53; N, 16-4%). Light absorption in chloroform : Max. at 3880 a. 
(e¢ = 32,000 


Repetition of the above experiment with a larger excess of solid carbon dioxiie (600 g.) gave a higher 


~_ af erento cg ay acid (5-0 g., 13%) and a lower yield of dicyclopent-l-enyl ketone 
(0-4 g., 07% 


Hydrogenation of Se ry: yr Re ketone (1 g.) in absolute ethanol in the presence of platinic oxide 


resulted in the u ml]. of hydrogen at 18°/768 mm. (Calc., 290 ml.), giving | re nty! 
ketone, identified as the semicarbazone which, ee from aqueous ethanol, m. p. 167° 


(Nenitzescu and Cioradnescu, Ber., 1936, 69, 1820, give m. 165°). Dicyclopenty! hn oc formed a 
2 : 4-dini Sey oe an which was chroma hed on | nl from hloroform solution 
from aqueous ethanol in orange , m. p. 103—104° (Found: N, 16-0. C,,H,,0,N, 


and c 
requires N, 16-2%). 
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cycloPentenylphenylcarbinol.—Freshly distilled benzaldehyde (32 6) in ether (50 ml.) was added 
during 1 hour to an ethereal solution of cyclopentenyl-lithium (from Li, 43 g.) at 0°. After 6 hours’ 
stirring, ice-cold saturated aqueous ammonium chloride (500 ml.) was added. Stirring was continued 
for 2 hours and the ethereal layer was then separated, dried (Na,SO,-K,CO,), and fractionated from 
a trace of potassium carbonate, giving cyclopentenylphenylcarbinol (a-cyclopent-1’-enylbenzyl alcohol) 
(16 g., 30%) which distilled as a colourless liquid, b. p. 93°/5-5 x 10 mm., mf 1-5650 (Found : C, 82-5; 
H, 82. C,,H,,O requires C, 82-7; H, 81%). Light absorption in ethanol: Max. at 2510 (e = 5900) ; 
inflection at 2570 oy = 5600). It is essential in this condensation to remove any unconsumed lithium 
before adding the benzaldehyde solution, otherwise the product is contaminated with hydrobenzoin 
which is formed by pinacol reduction of benzaldehyde during the decomposition stage and distils with 
cyclopentenylphenylcarbinol. 

cycloPentylphenylcarbinol and cycloPentylphenyl Ketone.—Hydrogenation of cyclopentenylphenyl- 
carbinol (2-5 g.) in absolute ethanol (30 ml.) in the presence of platinic oxide resulted in the uptake of 
390 ml. of hydrogen at 19°/770 mm. (Calc.: 350 ml.) to give ee oe (2 g.), b. p. 
76°/0-1 mm., n}¥ 15414 (Edwards and Reid, J. Amer. Chem. Soc., 1930, 52, 3235, give b. p. 
129—131°/5 mm.). 

A solution of cyclopentylphenylcarbinol (1-5 g.) in dioxan (30 ml.) was oxidised with potassium 
dichromate (0-86 g.) in 2Nn-sulphuric acid (30 ml.) at 0° to cyclopentyl phenyl ketone (1 g.), b. Pp. 
88°/8 x 10-* mm., n}? 1-5435 (Found: C, 82-4; H, 8-1. C,,H,,O requires C, 82-7; H, 8-19. t 
absorption in hexane : Max. at 2380, 2680, 2800, and 3300 a.; e¢ = 11,800, 800, 800, and 20, respectively. 
The ketone formed a 2: 4-dinitrophenylhydrazone which was chromatographed on alumina from 
benzene-chloroform solution and crystallised from ethanol in orange plates, m. P: 141° (Found: C, 
61-3; H, 5-2; N, 16-0. C,sH,,0O,N, requires C, 61-0; H, 5-1; N, 158%). Light absorption in 
ethanol: Max. at 3690 4., « = 24,800. [Added 13.3.51]. cycloPentyl phenyl ketone has since been 
described by Nightingale and Maienthal (J. Amer. Chem. Soc., 1950, 72. 4823) who give b. p. 103— 
105°/5 mm., n?° 1-5452; 2: 4-dinitrophenylhydrazone, m. p. 145°. 


2-Benzylidenecyclopentanol.—A solution of cyclopentenylphenylcarbinol (4 g.) in 80% aqueous 
acetone 0-1Nn-hydrochloric acid (100 ml.) was kept for 18 hours at room temperature. After neutralisation 
with aqueous potassium carbonate, the acetone was removed by distillation through a column and the 
residue extracted with ether. Fractionation of the ethereal extract afforded 2-benzylidenecyclopentanol 
(3-5 g.), b. p. 91°/3 x 10-¢ mm., which solidified when kept and crystallised from pentane in colourless 
plates, m. p. 86° (Found: C, 82-4; H, 8-2. C,,H,,O requires C, 82-7; H, 81%). Light absorption in 
ethanol: Max. at 2510 and 25604.; ¢ = 19,100 and 19,100 respectively; inflection at 2640a., « = 
16,400. The p-nitrobenzoate crystallised from light petroleum (b. & 60—80°) in colourless plates, m. p. 
71° (Found: C, 70-4; H, 55; N, 45. C,,H,,O,N requires C, 70-6; H, 5-3; N, 43%). Light 
absorption in ethanol: Max. at 2510 and 2570 4.; © = 30,700 and 34,900 respectively; inflection at 
2640 a.; € = 27,500. 


When a solution of 2-benzylidenecyclopentanol (0-5 g.) was warmed with a solution of 2 : 4-dinitro- 
phenylhydrazine in concentrated sulphuric acid and methanol, the 2: 4-dinitrophenylhydrazone of 
2-benzylidenecyclopentanone was gradually precipitated. It was isolated in 20% yield (0-2 g.) and, 
after crystallisation from ethanol, had m. p. 164°, undepressed on admixture with the authentic 
specimen described below. 


2-Benzylidenecyclopentene.—2-Benzylidenecyclopentanol (4 g.) was heated for 30 minutes with 
potassium hydrogen sulphate (0-4 g.) on the steam-bath. Distillation of the reaction mixture in a high 
vacuum gave 2-benzylidenecyclopentene (1-3 g.), b. p. 120°/8 x 10-* mm., which solidified on storage and 
crystallised from aqueous methanol in plates, m. p. 48° (Found: C, 92-3; H, 7-8. C,,H,, requires C, 
92-3; H, 7-7%). Light absorption in ethanol: see Table. 

2-Benzylidenecyclopentanone.—(a) 2-Benzylidenecyclopentanol (3 g.), aluminium ¢ert.-butoxide 
(8 g.), dry benzene (100 ml.), and acetone (100 ml.) were refluxed together for 30 hours. After cooling, 
the solution was —— acidified with hydrochloric acid, and the product was worked up in the usual 
manner, giving 2-benzylidenecyclopentanone (1-5 g.), which crystallised from light petroleum (b. p. 
40—60°) in needles, m. p. 66°, undepressed on admixture with the specimen described below. It formed 
a 2 : 4-dinitrophenylhydrazone which was chromatographed an alumina from benzene-chloroform solution 


and crystallised from ethanol in red needles, m. p. 164° (Found : C, 61-7; H, 4:9; N, 15-9. C,.sH,,O,N, 
requires C, 61-4; H, 4:6; N, 15-9%). Light absorption in ethanol: Max. at 3880 a.; © = 30,100. 
(b) Benzaldehyde (5 g.) in 50% aqueous ethanol (50 ml.) was added dropwise to a vigorously stirred 
solution of er ree re (25 g.) in 50% aqueous-ethanolic 0-1N-potassium hydroxide (200 ml.). The 
i 


precipitate of nzylidenecyclopentanone was filtered off and the solution was diluted with water and 
extracted with ether. Fractionation of the ethereal extract afforded 2-benzylidenecyclopentanone 
(0-5 g.), b. p. 170°/2 x 10 mm., which slowly solidified and crystallised from light petroleum (b. p. 
40—60°) in needles, m. p. 66° (Vorlander and Hobohm, Ber., 1896, 29, 1836, give m. p. 68°). 
cycloPentenylvinylcarbinol.—Acraldehyde (14 g.) in ether (30 ml.) was slowly added to an ethereal 
solution of cyclopentenyl-lithium (from Li, 3-1 g.) at 0°. Stirring was continued for 3 hours at room 
temperature, and ice-cold, saturated aqueous ammonium chlorite (400 ml.) was then added. After 
a further 2 hours’ stirring, the ethereal layer was separated, dried (Na,SO,-K,CO,), and fractionated, 
giving cyclopentenylvinylcarbinol (1-cyclopentenylallyl alcohol) (13 g., 32%) as a colourless liquid, b. p. 
43°/0°5 mm., nj} 1-4890 (Found: C, 77-1; H, 9-6. C,H,,0 requires C, 77-4; H, 9-7%). Light 
absorption in ethanol: ¢ <1000 in the region 2200—4000 a. 
2-Allylidenecyclopentanol.—cycloPentenylvinylcarbinol (8 g.) was dissolved in 60% aqueous acetone 
0-025m-hydrochloric acid (200 ml.), and the solution was kept for 18 hours at room tem ture. The 
solution was then neutralised with aqueous potassium carbonate, and the acetone removed by distillation 
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through a column. The aqueous residue was extracted with ether, and the ethereal extract was dried 

and fractioned, giving 2-allylidenecyclopentanol (6 g) as a colourless liquid, b. p. 50°/0-4 mm., n}} 1-5279 

oe > al C, 77-1; H, 9-8. C,H,,O requires C, 77-4; H, 9-7%). Light absorption in ethanol: see 
able. 

2-n-Propylcyclopentanol and 2-n-Propylcyclopentanone.—Hydrogenation of 2-allylidenecyclo- 
epee (5-1 g.) in absolute ethanol (50 ml.) in the presence of platinic oxide resulted in the uptake of 

100 ml. of hydrogen at 22°/755 mm. (Calc. 2000 ml.), to give 2-n-propyleyclopentanol (4-5 g.), b. p. 
87°/30 mm., n} 1-4540 (Vavon and Flurer, Bull. Soc. chim., 1929, 45, 754, give b. p. 79—80°/10 mm., 
ni, 1-4600). The 3: 5-dinitrobenzoate crystallised from light leum (b. p. 40-40") in plates, m. p. 
69° [Vavon and Flurer, Joc. cit., give m. p. 70—71° for the cis( ?)-isomer). 

2-n-Propyleyclopentanol (2-6 g.) in acetone (30 ml.) was treated with a solution of potassium 
dichromate (2-5 g.) in 2N-sulphuric acid (100 ml.) at 0°. Isolation of the product in the usual manner 
gave 2-n-propylcyc tanone (2-2 g.), b. p. 83°/30 mm., m2? 1-4410 (Vavon and Flurer, Joc. cit., give 
b. p. 67°/8 mm., mj 1-4470). The semicarbazone crystallised from methanol in needles, m. p. 210° 
(decomp.) [Vavon and Flurer, loc. cit., give m. p. 212—213° (decomp.)}. The 2 : 4-dinitrophenylhydrazone 
was chroma’ phed on alumina from benzene-chloroform solution and crystallised from ethy] acetate 
in orange needles, m. p. 150° (Found: N, 18-1. C,,H,,0,N, requires N, 18-3%). Light absorption in 
chloroform: Max. at 37004.; ¢ = 22,300. The m. p.s of both derivatives were undepressed on 
admixture with those of an authentic sample of 2-n-propylcyclopentanone, prepared according to Vavon 
and Flurer (/oc. cit.) by the condensation of cyclopentanone with propaldehyde to give 2-propylidene- 
cyclopentanone, followed by catalytic hydrogenation. 

In an attempt to —— 2-n-propylcyclopentanone direct alkylation of cyclopentanone by the 
method of Braude and Coles (/J., 1950, 2014), a mixture of cyclopentanone (10 g.) and n- 1 bromide 
(16 g.) was added to a boiling solution of potassium #ert.-butoxide (from K, 5-6 g.) in ¢ert.-butanol. After 
a further 20 minutes’ heating under reflux, the solution was allowed to cool and acidified with ice-cold 
hydrochloric acid. Isolation of the product in the usual manner gave 5-cyclopentylidene-2-n-propyl- 
cyclopentanone (6 g.), b. p. 70°/0-1 mm., n3# 1-4890 (Found: C, 81-3; H, 10-6. C,,H,.O requires C, 
81-2; H, 105%). Light absorption in ethanol : . at 2280 and 3040a.; e = $800 and 200 
respectively. The relatively low intensity of the 2280:A. band may be ascribed to steric inhibition of 
resonance owing to interference between the carbonyl group and the a-hydrogen atom of the cyclo- 
a (cf. Braude e¢ al., J., 1949, 1890); there was no indication of admixture with the 
unconjuga isomer, 5-cycl t-1’-enyl-2-n- yicyclopentanone, as observed in the case of cyclo- 
ee (cf. Evans and Gillam, J., 1941, 815; Bagchi et al., J]. Amer. Chem. Soc., 1949, 

, 990). 

cycloPentenylpropenylcarbinol.—Freshly distilled crotonaldehyde (25 g.) in ether (50 ml.) was added 
dropwise to an ethereal solution of cyc tenyl-lithium (from Li, 4-3 §) at 0°. After 6 hours’ stirring, 
ice-cold saturated aqueous ammonium chloride (500 ml.) was added. irring was continued for 2 hours 


tirring 
and the marmnone afb ne was then ted, dried (Na,SO,-K,CO,) and fractionated, giving cyclo- 
en ae mol (13-5 g., 32%) as a colourless liquid, b. P. 60°/0-5 mm., 3} 1-4910 (Found: C, 


78-1; H, 10-2. C,H,,O requires C, 78-2; H, 10-2%). Light al ion in ethanol: ¢ < 1000 in the 
region 2200—4000 a. The yields obtained in this condensation fluctuated in different experiments 
under apparently identical conditions, and the value quoted is a minimum; in one run the 
yield reached 61%. 

Hydrogenation of cyclopentenylpropenylcarbinol (1-7 g.) in absolute ethanol (60 ml.) in the presence 
of platinic oxide resulted in the uptake of 580 ml. of hydrogen at 18°/768 mm. (Calc., 600 ml.) to give 
cyclopentylpropylcarbinol (1-5 g.), b. p. 100°/20 mm., nf 1-4502 (Edwards and Reid, J. Amer. Chem. 
Soc., 1930, 52, 3235, give b. p. 115°/52 mm., » 1-4510). The 3 : 5-dinitrobenzoate crystallised from 
carbon tetrachloride in needles, m. p. 83° (Edwards and Reid, Joc. cit., give m. p. 85°). 

4-cycloPent-1’-enylbut-3-en-2-ol.—A solution of cy ntenylpropenylcarbinol (4 g.) in 60% aqueous 
acetone 0-1m-hydrochloric acid (200 ml.) was kept for 24 hours at room temperature. After neutralisation 
with aqueous potassium carbonate, most of the acetone was removed by distillation ——- a column. 
The aqueous residue was extracted with ether, and the ethereal extract was dried ( O,) and 
fractionated, giving 4-cyclopent-1’-enylbut-3-en-2-ol (2 g.), b. p. 68°/0°5 mm., n}! 1-5178 (Found: C, 
77-8; H, 10-1. C,H,,O requires C, 78-2; H, 10-2%). Light absorption in ethanol: see Ta’ 

4-cycloPent-1’-enylbut-3-en-2-one.—4-cycloPent-1’-enylbut-3-en-2-ol (2 g.), vacuum-dried 

dioxide (20 g.), and sodium-dried light petroleum (200 ml.; b. p. 40—60°) were shaken for 12 hours. 
The solution was filtered and the residue washed with light petroleum (b. p. 40—60°). The solution 
and washings were combined and fractionated, giving 4-cy mt-1’-enylbut-3-en-2-one (1 g.), b. p. 
64°/0-5 mm., 3% 1-5409 (Heilbron et al., J., 1949, 1827, give b. p. 85—87°/3 mm., nj} 1-5442). The 
ketone formed, in 80% yield, a 2: 4-dinitrophenylhydrazone which was shown to be homogeneous by 
chromatography on alumina from benzene-chloroform solution and crystallised from ethyl acetate in 
deep red prisms, m. p. 214°, undepressed on admixture with the specimen prepared by Heilbron et al. 
(loc. cit.). 
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384. The Oxidation of Alcohols by 2: 4-Dinitrophenylhydrazine. 
By E. A. Braupe and W. F. Forses. 


Primary and secondary alcohols containing two or more ethylenic or 
aromatic substituents conjugated with the carbinol group are oxidised by 
2 : 4-dinitrophenylhydrazine in acid solution to the corresponding aldehydes 
or ketones, which are isolated as the 2: 4-dinitrophenylhydrazones. The 
practical and theoretical implications of the reaction, which is analogous to 
the formation of osazones from a-keto-alcohols, are discussed. 


Since its introduction by Brady (Analyst, 1926, 51, 77; J., 1931, 756), 2 : 4-dinitrophenyl- 
hydrazine has been widely employed not only for the characterisation of aldehydes and ketones 
but also as an analytical reagent for testing for the presence of a carbonyl function. In the 
course of work with ethylenic compounds, it has been observed by several workers in this 
laboratory that unsaturated alcohols, even when analytically pure as judged by elemental 
analysis and active hydrogen determination, frequently gave small amounts of 2 : 4-dinitro- 
phenylhydrazones when treated with Brady’s reagent. These observations were generally 
ascribed to the presence of traces of ketonic impurities arising from imperfect purification or 
aerial oxidation and sufficiently small to escape detection by other means. However, a 
particularly striking case was noted recently with 2-benzylidenecyclopentanol (Braude and 
Forbes, preceding paper), and in this instance the relatively high yield (20%) of derivative 
obtained ruled out the assumption that ketonic impurities in the alcohol were responsible. It 
was therefore decided to investigate the matter more closely. Since Brady’s reagent is 
employed in methanolic or ethanolic solution, and no formaldehyde or acetaldehyde derivative 
is formed even on prolonged warming of the solution, it appeared highly probable that the 
occurrence of the reaction was associated with the presence of unsaturation in the carbinol, 
and this was confirmed by examining a number of examples representing a graded sequence of 
structural variation. 

The results are tabulated below. No 2: 4-dinitrophenylhydrazone is obtained from 
saturated alcohols or from crotyl or benzyl alcohol, but primary and secondary alcohols 
containing two or more ethylenic or pheny] substituents in conjugation with the carbinol group, 
when warmed with Brady’s reagent, afford yields of 5—25% of the derivatives of the 
corresponding aldehydes or ketones. No attempt was made to compare reactivities of the 
different alcohols quantitatively, but, as judged by the approximate reaction times and yields 


Oxidation of alcohols by 2 : 4-dinitrophenylhydrazine under standard conditions 
(see Experimental). 
Alcohol. Yield of derivative, %.* Reaction time. 
Crotyl alcohol a seduondscapeenentbaroanhssegeonee Nil 
Benzyl alcohol ..... pen cescoesecsousenssctonessosonen css 
Diphenylmethy! alcohol | Sov ben sos cccedesinanessédevquszebons 
GE MININES dpc dnc cce dco cecessscccccsccansece cancceseeses 
Sorbyl alcohol . bbb cesboatepstennecvecebece 
ser ey ’-enylbut-3-en- BOON: sepia aceacpeckpeiadonn 
Ht cloHept-1’-enylbut-3-en-2-ol . secccncs ceoséocee 
=i goed Sisecrsncsetesenséecseanaeence 
4 Pheaylbut 3m BD chakas abu ven sve ceevsncedsesesecensdones 
Vitamin A, .. 


° Based on ‘Sieahol. 1 Braude and Forbes, preceding paper. 


of 2: 4-dinitrophenylhydrazones under standard conditions, the ease of oxidation clearly 
increases with the number of conjugated groups; moreover, an ethylenic substituent appears 
to have a somewhat greater activating effect than a phenyl substituent, and secondary alcohols 
are oxidised more readily than primary alcohols. The reaction does not take place in neutral 
or acetic acid solution, and one of the factors which severely limits the yields of derivatives 
is undoubtedly the decomposition of the unsaturated alcohols under strongly acid conditions. 
In the case of vitamin A,, the 2 : 4-dinitrophenylhydrazone obtained was not identical with , 
that prepared directly from vitamin-A, aldehyde (Ball, Goodwin, and Morton, Biochem. J., 
1948, 42, 516). The melting points of the two derivatives are very similar (204° and 208°, 
respectively) but the light-absorption properties differ considerably. Whereas the authentic 
2 : 4-dinitrophenylhydrazone exhibits a maximum of 4420 a., close to the wave-length location 
expected for a pentaene-aldehyde derivative, the 2 : 4-dinitrophenylhydrazone obtained from 
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vitamin A, has a maximum at 4220 a., which corresponds to four rather than five ethylenic 
bonds conjugated with the C-N-NHAr grouping (Braude and Jones, J., 1945, 498). The lower- 
melting derivative may be either a geometrical isomer in which the characteristic maximum has 
Me. Me been displaced to shorter wave-length as the result of 

eae steric hindrance (cf. Braude, Jones, Koch, Richardson, 
Sondheimer, and Toogood, J., 1949, 1890) or a pro- 
ve I.) ic isomer derived from the isomeric vitamin-A 
aldehyde (I) in which the cyclic double bond has moved out of conjugation in the course of the 
oxidation. 

The formation of 2: 4-dinitrophenylhydrazones from «$-ethylenic alcohols bears a close 
resemblance to the formation of osazones from «-keto-alcohols and is of considerable theoretical 
interest. Both reactions involve the oxidation by an arylhydrazine of the grouping X-CH-OH 
to X-CO, where X is an unsaturated substituent. Both reactions occur only under acid 
conditions, and it is very probable that in the present reaction, as in osazone formation, one 
molecule of arylhydrazine acts as a dehydrogenating agent and is converted into the arylamine 
and ammonia. Moreover, it is known that osazone formation is promoted by electron-attracting 
and inhibited by electron-donating substituents in the aryl group (cf. Kenner and Knight, Ber., 
1936, 69, 341; Bloink and Pausacker, J., 1950, 1328), so that 2: 4-dinitrophenylhydrazine 
represents a highly reactive compound in this type of change. A number of different 
mechanisms have been proposed for osazone formation (cf. Percival, Adv. Carbohydrate Chem., 
1948, 8, 41), but by far the most plausible is that suggested by Kenner and Knight (loc. cit.) 
according to which the significant step consists of the dehydrogenation of the intermediate 
hydrazone by the hydrazonium cation (III).* By adopting this point of view, and introducing 
some modifications concerning the details of the hydrogen-transfer process, the reaction can be 
represented as follows : 


x 
ton + Ar-NH‘NH,* — 


(II.) (III.) (IvV.) “er 


This mechanism, unlike others which have been proposed, introduces a minimum number of 
assumptions and explains the requirement of acidic conditions as well as of electron-recession at 
the hydrazono-grouping, since both will weaken the N—N link and facilitate the separation of 
the ammonium ion. Furthermore, it brings into unison two, at first sight unrelated, sets of 
observations and explains the much higher reactivity towards arylhydrazines of «-keto-alcohols 
as compared with other unsaturated alcohols. In the formation of an osazone, (II) represents 
the a-keto-alcohol monoarylhydrazone (X = NHAr-N:CH) and the reaction is assisted by the 
conjugated side-chain since the conjugation is further increased in the resulting a-diketone 
monoarylhydrazone (V; X = NHAr-N:CH). In the 2: 4-dinitrophenylhydrazine reaction, 
(II) represents the a-ethylenic or a-aryl alcohol (X = CH:CHR, Ar, etc.); here the transition 
state (IV) is stabilised to a lesser extent (which, however, increases with increasing conjugated 
unsaturation in X), and a highly reactive arylhydrazonium cation, such as the 2 : 4-dinitro- 
phenylhydrazonium cation, is required to effect the dehydrogenation. 

These observations show that it is necessary to be cautious in using the formation of a 
2 : 4-dinitrophenylhydrazone as a functional test for the presence of a carbonyl group. On the 
other hand, the oxidation of alcohols by 2 : 4-dinitrophenylhydrazine generally gives yields too 
low to render the reaction of preparative value. The above considerations suggest, however, 
that the reaction might proceed considerably more readily with a hydrazine derivative, such 
as 2:4: 6-trinitrophenylhydrazine, more highly substituted with electron-attracting groups. 
Preliminary experiments have shown that this is indeed the case. 


EXPERIMENTAL. 
M. p.s are uncorrected. 

Reaction of Alcohols with Brady’s Reagent.—The reagent was prepared by dissolving 2 : 4-diuitro- 
phenylhydrazine (4 g.) in concentrated sulphuric acid (8 ml.) and a absolute ethanol! (60 ml.) with 
external cooling. e solution was then heated to the boiling point, filtered, cooled, and diluted with 
water (20 ml.). For the oxidation reaction, the alcohol was dissolved in a 2—6 molar excess of the 





* Kenner and Knight (loc. cit.) actually formulate the hydrazonium cation as ArNH,NH,, but there 
can be little doubt that the extra proton will be preferentially attached to the more basic terminal 
nitrogen atom and that the structure Ar-NH-NH,* will predominate. 
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reagent, and the mixture was then warmed to about 60° on a steam-bath, in an atmosphere of nitrogen. 
After cooling, the precipitated 2: tee nny ee tga were filtered off, chromatographed on 
alumina from benzene—chloroform solution, and y crystallised from ethyl acetate, unless otherwise 
stated. The reaction times and yields are given in the Table. The physical properties of the alcohols 
and 2: 4-dinitrophenylhydrazones, together with other data where necessary, are recorded below. 


Diphenylmethy] alcohol m. p. 68°, gave benzophenone 2 : 4-dinitrophenylhydrazone, m. p. and mixed 
m.p. 236°. Cinnamylalcohol, m. p. 33°, gavecinnamaldehyde 2: 4-dinitrophenylhydrazone, m. p.and mixed 
m. p. 261°. 4-Phenylbut-3-en-2-ol, m. p. 30°, gave benzylideneacetone 2 : 4-dinitrophenylhydrazone, 
m. p. and mixed m. p. 225° [Light absorption in chloroform : Maxima at 3040 and 3950 a., e 17,600 and 
35,000, respectively]. Sorbyl alcohol, m. p. 30° (Nystrom and Brown, J. Amer. Chem. Soc., 1947, 69, 
2549), gave sorbaldehyde 2 : 4-dinitro ey m. p. and mixed m. p. 180°. 4-cycloHexenylbut- 
3-en-2-ol, b. p. 116°/16 mm. (Braude and Coles, J., 1950, 2014), gave 4-cyclohexenylbut-3-en-2-one 
2: 4-dinitrophenylhydrazone, m. p. and mixed m. p. 195°. 4-cycloHeptenylbut-3-en-2-ol, b. p. 
84°/0-4 mm. (Braude and Forbes, unpublished), gave 4-cycloheptenylbut-3-en-2-one 2 : 4-dinitrophenyl- 
hydrazone, m. p. and mixed m. p. 189°. 

Vitamin A,, we neo (Isler et al., Helv. Chim. Acta, 1947, 30, 1911), gave a 2 : 4-dinitrophenylhydrazone 
which crystallised from methanol in dark-red needles, m. p. 204° (Found: N, 12-3. C,,H,,0,N, requires 
N, 121%). Light absorption in chloroform: Maximum at 4220 a., ¢ 42,000, respectively. Under the 
same conditions, vitamin-A, aldehyde (Ball, Goodwin, and Morton, /oc. cit.) gave a 2 : 4-dinitrophenyl- 
hydrazone, m. p. 208°, which exhibited a light-absorption maximum at 4450 a., ¢ 29,000, in chloroform 
solution (Ball et al., loc. cit., give m. p. 208°; light-abeorption maximum at 4420 a., ¢ 54,000). 

Cinnamy] alcohol did not react with 2 : 4-dinitrophenylhydrazine in neutral ethanolic or in acetic 
acid solution. 


Weare much indebted to Dr. O. Isler of Hoffman-La Roche and Co., Basle, for a sample df vitamin A, 
and to Professor R. A. Morton, F.R.S., for a sample of vitamin-A, aldehyde. 


IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, 
South KEnsincton, Lonpon, S.W.7. [Received, February 9th, 1951.) 





385. The Influence of the Methoxyl Group in Aromatic 
Substitution. 
By P. B. D. DE La Mare and C. A. VERNON. 


The following compounds are compared in regard to their relative rates 
of bromination in acetic acid: anisole, methyl p-tolyl ether, the dimethoxy- 
benzenes, m-xylene, ‘y-cumene, and durene. It is deduced that a position 
meta to a methoxyl group is slightly activated, that the corresponding o- and 
p-positions are activated to an enormously greater extent, and that the 
0: p ratio for the bromination of anisole must be low. An attempt has been 
made to estimate the latter quantity experimentally. Some theoretical 
consequences of the facts and conclusions are discussed. 


In modern electronic theories of aromatic substitution (cf. Ingold, Chem. Reviews, 1934, 15, 225), 
activation of the o- and the p- as compared with the m-position by a group with a +T effect 
is regarded as extremely selective. In other words, the extent of charge- or covalency-develop- 
ment in the transition state of the reaction, on which the rate is believed to depend, is very 
critically determined by the position in the benzene ring which is attacked by the electrophilic 
reagent. In anisole, the nuclear positions o- and p- to the methoxyl group are powerfully 
activated by the +T effect. It is of interest to know whether the m-position is also activated, 
by “ second-order relay ”’ of this effect, or whether the electron-withdrawing inductive effect 
of the methoxyl group has dominant influence on the rate of substitution in this position. Direct 
determination of the rate of substitution in the m-position is, however, difficult, since the rates 
of substitution in the p- and the o-position are enormously greater. Bunton, Minkoff, and Reed, 
for example, were unable to detect the formation of any m-nitration product either from anisole 
or from phenol (J., 1947, 1416). 

Recently, in connection with studies of electrophilic halogenating agents (de la Mare, Hughes, 
and Vernon, Research, 1950, 3, 192, 242), we have had occasion to examine the reactivities of 
anisole and the various dimethoxybenzenes. These experiments, which extend earlier measure- 
ments by Robertson and de la Mare (J., 1943, 276, 279), enable us to throw further light on the 
effect of a methoxyl group in the m-position, in the following way. 

For third-order bromination in acetic acid at 25° (—d{Br,]/d¢ = A[A][Br,]*), p-dimethoxy- 
benzene reacts ca. 1°5 times as fast as methyl p-tolyl ether. In the latter compound, which is 
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substituted almost entirely o- to the methoxyl group (cf. Stewart, J., 1922, 121, 2555), there are 
half as many reactive positions. It appears, therefore, that the methoxyl group activates the 
position m- to it rather less effectively than does the methyl group. The latter group is itself 
only weakly m-activating. The “ partial-rate factor ” for nitration of toluene in the m-position 
is about 3 (Ingold, Lapworth, Rothstein, and Ward, J., 1931, 1959). Condon (J. Amer. Chem. 
Soc., 1948, 70, 1963) has estimated a similar figure of 5 for halogenation. It may reasonably be 
deduced, therefore, that the methoxyl group activates a position m- to it by a factor of between 
one and three. 

The o : p ratio for the bromination of anisole does not seem to have been determined, though 
p-bromoanisole is known below to be the main product (cf. Slotta and Heller, Ber., 1930, 63, 
3043 ; Wohl, Ber., 1919, 52, 51). Since phenol, on bromination in various solvents, gives 
about 90% of p-bromophenol (Holleman and Rinkes, Rec. Trav. chim., 1911, 30, 48), one might 
expect that bromination of anisole would also proceed with a low 0: p ratio. In such a case it 
is well recognized that blockage of the p-position must reduce the rate of reaction, provided that 
the p-substituent does not activate strongly the position o- to the original activating group. 
Consistently, p-dimethoxybenzene and methyl p-tolyl ether are both brominated at a rate 
about one-tenth of that of anisole. 

To correspond with the above interpretation, o-dimethoxybenzene should be brominated 
substantially in the two equivalent positions each p- to a methoxyl group, as is known to be the 
case (Moir and Purves, Canad. J. Res., 1948, 26B, 694). Furthermore, the small additional 
activation by the second methoxy] substituent m- to the position of electrophilic attack, should, 
if the availability of two such positions is taken into account, result in a rate of bromination 
rather more than twice that of anisole. Baddeley and Smith (Nature, 1949, 164, 1014) have 
recorded that o-dimethoxybenzene is brominated more rapidly than anisole, and we find that the 
rate ratio is 3°4: 1. 

There is considerable justification for believing that, provided that two substituents attached 
to the benzene ring are not effectively conjugated, their influence on the energy of activation 
of substitution is independent and additive. Thus Bradfield, Brynmor Jones, and their co- 
workers (cf. Bradfield, Trans. Faraday Soc., 1941, 37, 726; Brynmor Jones, J., 1942, 418, 1676) 
have shown that the rates of chlorination of phenolic ethers such as p-RO-C,H,°X are affected 
independently by variation in R and by variation in X. Similarly, Condon (loc. cit.), assuming 
only similar additivity and a plausible 0: m: ratio for toluene, successfully correlated the 
relative rates of halogenation of the xylenes, mesitylene, and pentamethylbenzene, and predicted 
rates of bromination of ¢-cumene and of durene, which have now been measured. The agree- 
ment, within a factor or two for all these compounds, covering a very large range of reactivity, is 
remarkable. 

Methoxy] groups, being able only to donate, and not to withdraw, electrons by their tauto- 
meric effect, might be expected, like methyl groups, to influence the rate of substitution additively. 
The rates of bromination of anisole and o- and p-dimethoxybenzene, together with the corre- 
sponding rate of bromination of benzene, which can be estimated by an indirect comparison, as in 
Robertson and de la Mare’s work (loc. cit.), define, on this basis, the following partial-rate factors 
for the bromination of the various positions available for substitution in these compounds : 


OMe OMe OMe 


0-8 x 106/Yo-8 x 108 1-4 x 1 1-4 x 108 14 x 100 )OMe a 
e Uy. . . 8 4 
v7 a7 bed x 10%, Jit x 10° 18 x 10, Jit x 
70 % 108 Me 118 10 


12-0 x 10° 0-93 x 108 40-0 x 10 


The main points, which we believe to be established, are illustrated by the above estimates, 
namely: (a) A position m- to a methoxyl group is slightly activated. (6) The corresponding 
p- and o-positions are, in comparison, activated to an enormously greater extent, i.e., by a rate- 
factor of 108, for molecular halogenation. (c) The o: p ratio for the bromination of anisole must 
be low. . 

Dewar (Discuss. Faraday Soc., 1947, 2, 50) has calculated that p- and o-dimethoxybenzene 
should form “‘ x ”’ (i.e., unsaturation) complexes, and should therefore react more readily than 
anisole with electrophilic reagents. Baddeley and Smith (loc. cit.) have pointed out that the 
experimental activation of substitution of o-dimethoxybenzene relative to anisole does not bear 
out this contention, seeing that the extent of the activation by the methoxyl group in this 
electrophilic substitution is no greater than that found in analogous nucleophilic processes. 
We support Baddeley’s conclusion, in that we regard the “= ”’ complex theory as paying too 
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little account to the selectivity observed in orientation phenomena. It seems to us more helpful 
to consider these processes from the standpoint of the valence-bond description, in the following 


way. The contribution of structures such as Meo={_ > - is increased by the approach of 


an electrophilic reagent,* with the result that substitution is almost completely localized at the 
p- and the o-carbon atoms. We can now reinforce this view by the observation that, although 
Dewar concludes from his calculations that p-dimethoxybenzene should be substituted more 
readily than anisole, the opposite is in fact the case. 

Finally, since two of the positions available for substitution in m-dimethoxybenzene are 
activated each by one p- and one o-methoxyl group, the rate of bromination of this compound 
should be some 10® times faster than that of anisole. This rate is far too fast for quantitative 
confirmation, but we have observed that bromination of this compound, with reactants m/160 
in acetic acid at 25°, proceeds to at least 99% reaction in 0°6 minute. A similarly rapid rate of 
bromination would be expected for the various tri- and tetra-methoxybenzenes. 


EXPERIMENTAL. 


Acetic acid was purified by the procedure of Orton and Bradfield (J., 1927, 983) and had m. p. 16-4°. 
Bromine (AnalaR) was used without further purification. The substances examined had the following 
a: Anisole, fractionated, b. p. 155°/760 mm.; p-dimethoxybenzene, recrystallised, m. p. 57— 

o-dimethoxybenzene, fractionally frozen, then distilled in vacuo, m. p. 22-7°, 1-5321; m-dimeth- 
pr an fractionated, b. p. 208—210°/758 mm., n} 1-5221; ‘methyl p-tolyl ether, =: aaa 
b. p. 174—175°/762 mm., n® 1-5099; m-xylene, fractionated, b. - 136—137" /752 mm.; durene, 
recrystallised, m. p. 80-5—81-5° ; #-cumene, fractionated, b. p. 166°/760 mm., n?° 1-5015. 


Rate-measurements were made essentially by the technique used by Robertson and de la Mare (Joc. cit.). 
The following are details of two typical runs. o-Dimethoxybenzene, m/160, and bromine, m/160, in 
acetic acid at 25°: samples (4-00 ml.) were pipetted into potassium iodide solution containing excess of 
sodium thiosulphate, and back-titrated with 0-00500N-iodine : 


Time (mins.) .. 0 208 3:92 843; 0 0-70 «113 86153 = 2-25 
Titre (residual ‘Bry, ‘expressed 

as ml. of 0-00500Nn-iodine) ... 10-09 708 605 465; 1009 865 805 765 7-03 
From the combined graph, * = 10% reaction, ¢ = 0-43; * = 20%, ¢# = I-11. 


The following results are all for-bromination, with reactants in equal concentration, at 25° in acetic 
acid. For each compound, with constant bromine concentration, the rate was found to be proportional 
to the concentration of aromatic substance. The values for anisole and methyl p-tolyl ether are slightly 
greater than those recorded at 24° by Robertson and de la Mare (loc. cit.), amd correction is made 
appropriately in the list of relative rates below. 


o-Dimethoxybenzene, m/320, x ="10,# = 1:52; * = 20,¢ = 3-68; overall reaction order, m (m/160— 
M/320) = 2-8. 


p-Dimethoxybenzene, m/80, x = 10, ¢ = 5-6; x = 20, ¢ = 12-7; m/160, x = 10, ¢ = 20-4; * = 20, 
t = 45-5; nm (m/80—m/160) = 2-9. 


Anisole, m/160, x = 10, ¢ = 1-40; * = 20, ¢ = 3-70. 

Methyl p-tolyl ether, m/160, x = 10, ¢ = 30. 

m-Xylene, M/10, * = 10, ¢ = 8-1; * = 20, ¢ = 21-0. 

y-Cumene, m/10, * = 10, ¢ = 2-4; « = 20,¢ = 6-5. 

Durene, M/50, x = 10, ¢ = 80; * = 20, ¢ = 195; m/80, x = 10, ¢ = 202; m (m/50—m/80) = 3-0. 
The following relative rates can thence be deduced : 


A“ ~ Me 
\ N 
| C) 
VV \s" 
44x 10° 1-4 x 10° 


OMe OMe 
/ NoMe 
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9-0 x 10° 1-2 x 10° 40 x 10° 





* If the eka we reagent is X*, then there is reason to believe that complexes of the type 
Med= °o are intermediate in the reaction (cf. Melander, Arkiv Kemi, 1950, 2, 213). 
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Attempted Determination of the o: Aw Ratio for the Bromination b Se .—Bromination of 0-1m- 
anisole with 0-05m-bromine in glacial acetic t the reaction product on distill- 
ation left a residue of charred material, suggesting that a side reaction, Pe 
— ied the monosubstitution. The slightly impure bromoanisole (14-7 g 
SY pene aman’ and a middle fraction (12 ip. 10 b. pe B17 0 
fected. p-Bromoanisole rion’ p. 12- “10° A 10-10° 
on oduaiinass oan DO moanisole. A mixture, tp 8° of p-bromoanisole 
oy a wal hp mm. on 50 mm.) on avian distillation gave a 
mate ra , that the bpp ay bromoanisole, 


Sd Aged et 


The authors are indebted to Professors E. D. Hu ages, D.Sc., F.R.S., and C. K. Ingold, D.Sc., F.R.S., 
for discussion and criticism, and to Mr. E. Grayson for technical assistance. 


Witittam Ramsay AND RatpH Forster LABORATORIES, 
University CoLLtece, GOWER STREET, Lonpon, W.C.1. (Received, February 12th, 1951.) 





386. Studies in Co-ordination Chemistry. Part VIII.* The Struc- 
ture of the Blue and the Brown Cuprous—Cupric Complexes of Methyl- 
diphenylarsine. 

By R. S. NyHorm. 


The structure of the blue and the brown form of the cuprous—cupric 
complexes of methyldiphenylarsine, formerly believed to be geometric 
isomers with the empirical formula Cu,Cl,,3AsPh,Me, has been investigated. 
The tertiary arsine is shown to be present as the arsine oxide and the empirical 
formula of the blue form is actually Cu,Cl,,4AsPh,MeO. This substance 
is an electrolyte in nitrobenzene solution, and the structural formula 
[Cu(AsPh,MeO),)[CuCl,], is assigned to it on the basis of its physical and 
chemical properties. Confirmation of the existence of the complex cupric 
cation is afforded by the preparation of the compound [Cu(AsPh,MeO),}[C1O,),. 
The brown form is shown to contain a small amount of cupric chloride (5— 
10%), probably present as a polymerised [CuCl,]~ anion, which accounts for 
the difference in colour. The absorption spectra of the blue and the brown 
form and of the perchlorate complex in nitrobenzene solution have been 
examined and their similarity is apparent. Conversion of the spectrum of 
the blue into that of the brown was effected by addition of a trace of chlorine. 
Conversion of the blue into the brown solid occurs also in the crystalline state 
by treatment with chlorine. The magnetic susceptibilities of the various 
compounds have been measured and these support the structures proposed. 
The properties of the compounds are discussed, and the observations of 
previous workers interpreted. 


In Part VII of this series (Kabesh and Nyholm, J., 1951, 38) the complexes of copper salts with 
the chelate group o-phenylenebisdimethylarsine (I) were described. Salt-like cuprous complexes 
of the types [(Cu(diarsine),|X and [Cu(diarsine),|[CuY,] (X = Br, I, ClO,; Y = Cl, Br, I) 
were described but all attempts to obtain compounds in which the ditertiary arsine was 
co-ordinated directly to a cupric atom were unsuccessful. Reduction always occurred to 

AsMe, give a complex of univalent copper. Furthermore, no derivatives containing a 


Mer) 
en errr bridge of the type >Cu TE aie could be isolated. These two 


I.) observations led to the reinvestigation of the structures of two cuprous—cupric 
complexes of methyldiphenylarsine which had previously been formulated as non-electrolytes 
with structural formule involving both a chlorine bridge between a cuprous and a cupric 
atom and the co-ordination of the tertiary arsine directly to the cupric atom, as in (II) 
and (III) (Mellor, Burrows, and Morris, Nature, 1938, 141, 414). In the light of the above work 


* For Part VII, see J., 1951, 38. 
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the physical properties of these compounds suggested salt-like structures rather than those 
shown in (II) and (III). 


Ch. eA. yh AatePh, Ch. w/o , 7 AsMePh, 


Cu u Cu u 
Ph,MeAs” “ci” “AsMePh, Ph,MeAs* “Ci” ‘AsMePh, 
(II.) (IIT.) 


The compounds were isolated by Burrows and Sandford (J. Proc. Roy. Soc. N.S.W., 1935, 
69, 182) when investigating the cuprous complexes of methyldiphenylarsine. They observed 
that the colourless solution obtained by the action of excess of arsine on a hot solution of cupric 
chloride gradually becomes blue when left exposed to the air for 24 hours, brown crystals being 
deposited. The addition of a little water to the clear solution immediately after reduction 
yielded blue crystals instead. The melting point of both forms was given as 245°, and on the 
basis of their analyses (Table I) the empirical formula Cu,Cl,,3AsPh,Me was assigned to 
both. It was stated that both forms were practically insoluble in all solvents and were 
decomposed by mineral acids or sodium hydroxide solution. Salt-like structures such as 
[Cu(AsPh,Me),][CuCl,,AsPh,Me] were suggested to account for the isomerism. A corresponding 
cuprous-cupric bromide was also described. 


TABLE I. 
Analyses of blue and brown forms. 

Ref. Compound. Cc% HY Gas 

Burrows and Sandford Blue form 10-8 

Brown form 10-9 

Mellor and Craig Blue form (from aq. EtOH) 10-5 

Blue form (from PhNO,) 10-5 

Brown form 10-6 
This investigation Blue form (mean of 5 analyses) - 10-38 
Brown form (mean of 4 analyses) 10-65 

Calc. for Cu,Cl,,BAsPh,Me 10-9 
Calc. for Cu,Cl,,4AsPh,MeO 10°35 
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Later, Mellor, Burrows, and Morris (loc. cit.) showed that the molecular weights of the blue 
and the brown form in freezing nitrobenzene were 786 and 878 respectively (Calc.: 966). The 
low molecular weights were attributed to partial dissociation of the bridge in each case, but the 
attempted fission of the bridge with various co-ordinating agents such as pyridine gave incon- 
clusive results. The structures which they suggested, (II) and (III), involve one square cupric 
atom and one tetrahedral cuprous atom in each case. 

Mellor and Craig (J. Proc. Roy. Soc. N.S.W., 1941, 75, 27) showed that the magnetic moments 
of both forms were consistent with the assumption that part only of the copper was bivalent. 
They obtained a moment of 1°78 Bohr magnetons for the brown and between 1-5 and 1°8 B.M. 
for the blue, assuming only one cupric atom per molecule. Attention was drawn to the low 
moment of some blue specimens but no explanation could be advanced. Complete analyses 
were carried out on both forms, results being given in Table I. The low carbon values obtained 
were commented upon and the possible presence of methyldiphenylarsine oxide in both forms 
was considered but no evidence for its presence was obtained at that time. These workers 
concluded that further work was needed before structures (II) and (III) could be regarded as 
established. 

Experience with other tertiary arsine complexes, notably the compound [FeCl,(diarsine) | 
{FeCl,] (Part III, J., 1950, 851) suggested that the properties of both the blue and the brown 
forms were more consistent with their formulation as salts rather than as non-electrolytes. Both 
forms are soluble in nitrobenzene and nitromethane but are quite insoluble in both benzene and 
chloroform. Although solubility in the first per se does not necessarily indicate a salt-like 
structure, yet it is highly significant when taken in conjunction with the insolubility of the 
compounds in chloroform and benzene. Also, the ready solubility of compounds such as 
CuCl,3AsPh,Me (see p. 1772) in chloroform made it difficult to seee why Cu,Cl,,3AsPh,Me, if a 
non-electrolyte, should not be at least slightly soluble in chloroform. 

In view of some doubt as to the formula, several analyses have been carried out, the results 
being given in Table I. In general, these confirm Mellor and Craig’s results. The analysis of 
the brown is almost the same as that of the blue compound except that the carbon is slightly lower 
and the chlorine slightly higher in the former. The significance of this is discussed later, but 
attention is directed first to the analysis of the blue form. Although the ratio Cl: AsPh,Me is 





[1951) Studies in Co-ordination Chemistry. Part VIII. 1769 


1: 1, the ratio of Cl: Cu is 4: 3 rather than 3 : 2 as originally proposed. Furthermore, all the 
carbon being assumed to be present as the tertiary arsine, the analyses add up to 95% only, 
the 5% difference being well outside experimental error; this suggested that oxygen was present 
in both forms. One oxygen atom for each arsine molecule gives the correct analysis for the blue 
form. This oxygen could be present either as water or as the compound methyldiphenyl- 
arsine oxide, AsPh,MeO. The presence of water appears to be excluded partly by the hydrogen 
analyses but more especially by the work of Mellor and Craig (loc. cit.) who showed that the 
blue form did not change in weight when left over phosphoric oxide in vacuo for two weeks. 
Also, in this investigation it has been found that even if the blue form is melted and kept molten 
at 260° for several seconds the decrease in weight is only a fraction of the 5% deficiency. 

Chemical tests indicate that the arsine oxide rather than the arsine is present. It has been 
observed that complexes of univalent copper with methyldiphenylarsine, e.g., CuCl,3AsPh,Me, 
evolve the tertiary arsine readily when heated with sodium hydroxide solution. In contrast, 
however, no odour of methyldiphenylarsine was observed when either the blue form or the 
brown form was heated with this reagent. Attempts were then made to formulate the compound 
on the assumption that methyldiphenylarsine oxide was present, attention being directed first 
to the blue form since its analysis fits the formula Cu,Cl,,4AsPh,MeO almost exactly. 

Although co-ordination compounds of tertiary phosphine oxides have been described by 
Pickard and Kenyon (Proc., 1906, 22, 42), e.g., M™X,,2R,PO where M@X, = ZnCl,, Znl,, 
CdI,, HgCl,, or CoCl,, and the compound CuCl,,PEt,O, yet no complexes of tertiary arsine 
oxides with metal salts have been described before. If the structures R,P—O and R,As—-O 
be assumed to make a major contribution to the electronic formule of these substances (Hunter, 
Phillips, and Sutton, J., 1945, 146) then a formal similarity to monoketones R,C—O is apparent. 
The latter form many co-ordination compounds such as SnCl,,2COR, with metallic salts 
(Sidgwick, ‘‘ The Chemical Elements, ”’ Oxford, 1945, p. 614). 

The tertiary arsine oxide might be co-ordinated to the cupric or the cuprous atom, the most 
likely structures in the two cases being [(Cu(AsPh,MeO),)[CuCl,}, and [Cu(AsPh,MeO),),[CuCl,). 
In view of the reluctance of univalent copper to co-ordinate with oxygen, it is more likely that 
the arsine oxide would be attached to a cupric atom, which has a strong affinity for oxygen 
(Sidgwick, op. cit., pp. 141, 168). Hence the first formula was considered more probable, the 
colour of the blue form lending some support to this idea. One might expect the complex 
cupric cation to be blue, whereas the [CuCl,]~ anion is colourless (see Part VII, J., 1951, 38). 
Furthermore, the (CuCl,]~~ anion is brownish-yellow and the blue colour would be difficult to 
account for if this ion were present (Sidgwick, op. cit., p. 162). Experiments were then designed 
to confirm the formulation of the blue form shown in (IV). 


[CuCl,-], (IV. 


Ph,MeAsi(Oy O:AsMePh, | 
u 
| PhyMeAs:O7 ‘O%AsMePh,_ 


The molecular conductivities of the blue and the brown form in nitrobenzene solution 
provide strong support for salt-like structures (see Table II). The molecular conductivity of 


Taste II. 


Molecular conductivity of various diphenylmethylarsine oxide complexes of copper. 
(Nitrobenzene solvent.) 
Compound. Molar concentration. Molecular conductivity at 25°. 
Blue form oso een avenchdeidbstibe ewscenee 2-57 x 10° 48-8 mho 
POT BORN } > ariosncevetiecdvcsrsbssceee cased 2-75 x 10° 44-7 mho 
[Cu(AsPh,sMeO)g)[(ClOg], 2... ee cee ceenes 417 x 10° 38-6 mho 
[Cu(AsPh,MeO),][CuChly -.--s0csscceseeee 3-63 x 10% 21-3 mho 


the blue form is considerably higher than that of uni-univalent electrolytes in nitrobenzene at 
about the same molar concentration; for the latter, values between 20 and 30 mho aré found as 
a rule (see Part VII). Although it would be unwise to speculate too freely on the number of 
ions indicated by the molecular conductivity obtained, nevertheless it would appear that at 
least two and probably three are present. In dilute aqueous solution uni-univalent electrolytes 
have molecular conductivities of the order of 100—130 mho and the corresponding value for 
uni-bivalent electrolytes is about twice this figure. The high conductivity in nitrobenzene 
explains the molecular weight obtained by Mellor, Burrows, and Morris for the blue form (786) ; 
this arises from considerable ionisation of the compound [Cu(AsPh,MeO),)[CuCl,},, the molecular 
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weight of which is 1372°5. The limiting value of 454 would be expected only at very high 
dilutions. 

Evidence for the existence of the cation (Cu(AsPh,MeO),]** was provided by the prepar- 
ation of the blue compound tetrakis(methyldiphenylarsine oxide)copper(11) perchlorate, 
[Cu(AsPh,MeO),)}[C1O,},. This crystallised from a solution containing the arsine oxide and 
copper sulphate to which perchloric acid had been added. The compound is a good conductor in 
nitrobenzene solution (see Table II). Like the blue and the brown form it is decomposed by 
hydrochloric acid. 

Fic. 1. Fic. 2. 
Absorption spectra in nitrobenzene. Absorption spectrum in nitrobenzene. 
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Cu(diarsine),)[CuCl,], 9-43 x 10-*m. Chlorinated blue form, 8-0 x 10m. 
(ii) [Cu(AsPh,MeO),)[CIO,),, 7-15 x 10-*m. 

(iii) Blue form, 8-0 x 10-°m. 

(iv) Brown form, 7-4 x 10™M. 


Results of magnetic susceptibility measurements on the blue and the brown form and on the 
perchlorate are given in Table III. Owing to the large diamagnetic correction the accuracy 
of the magnetic moments is limited but they show that the blue form contains one cupric atom per 
molecule. The moments of the blue form and of the perchlorate are practically identical. The 


TaBLE III. 
Magnetic susceptibility measurements (20°). 


Diamag. 
Compound. X, x 10%. Xy x 10°. correction. Xgor, X 10%. y (B.M.). 

Brown form (Mean of 4 determinations)... 0-92, 1265 721 

Blue form (Mean of 3 determinations) ... 0-72, 990 721 

[Cu(AsPhgMeO),][ClOg], ..-.sescsccccesseeee OB] g 1060 705 

* (Cu(AsPh,M )]/{CuCls], vewapcccevtsnerves = OR 4170 761 4931 

* This compound contains three cupric atoms per molecule, the others contain only one. The 

moment is calculated per cupric atom. 


slightly higher moment of the brown form will be discussed later and it will be shown that this 
can be explained by the presence of a small amount of extra cupric chloride in the anion. 

The absorption spectra of the various compounds in nitrobenzene solution are shown in Figs. 
1—3. The spectra of the blue form (curve iii) and the perchlorate complex (Curve ii) are very 
similar between 5000 and 10,000 a., but in addition the blue form begins to absorb again at 


FF TEAL TIE PAM IROEE gen 
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about 4500 a. In order to compare these spectra with that of a compound containing the 
[CuCl,}~ anion, the spectrum of the complex [Cu(diarsine),](CuCl,] (Curve i) was measured (see 
Part VII). Like the blue form, this substance begins to absorb at wave-lengths below 5000 a. 
presumably this could be attributed to the [CuCl,]~ anion. The solution of the blue form 
(Curve iii) was then treated with a bubble of chlorine; a yellow colour developed and the spec- 
trum of the resulting solution is shown in Fig. 2. There is strong absorption near 8000 a. and 
in the region 4000—5000 a. These absorption bands are apparently due to cuprichloride anions 
of the types [CuCl,]~ and [CuCl,]~~ since similar absorption bands were reported by Bjerrum 
(Kgl. Danske Videnskab Selsk., Mat.-fys. Medd., 1946, 22, No. 18) for cuprichloride complexes 
in water. The absorption spectrum of the brown form is given in Curve iv, and comparison of 
this with Curve iii and Fig. 2 shows that the absorption spectrum of the brown form lies inter- 
mediately between these of the blue form and of its oxidation product, being in fact closer to 
the blue. The most obvious explanation for this is that the brown form contains the same cation 
as the blue but that the anion is not simply the (CuCl,]~ ion but has undergone partial oxidation ; 
i.e., there is a small excess of cupric chloride present probably as a (polymerised) [CuCl,]~ anion. 
This hypothesis provides a satisfactory ex- 

planation of the properties of the brown form : Fic. 3. 

and of its relationship with the blue. The Absorption spectrum in nitrobenzene. 
absorption spectrum of the fully chlorinated 2800 
compound, obtained by treatment of the solid 

blue form with chlorine gas, is shown in 

Curve iv. This curve is very similar to Fig. 2 

but the absorption is more marked in the 
4500—5000 a. region. It is noteworthy that 

the wave-lengths of the absorption maxima 
gradually increase as the concentration of the 
cuprichloride anion increases. 

The intensity of colour of the brown form 
is remarkable in view of the fact that it 
is caused by less than 5% oxidation of the 
blue anion. Recent work (McConnell and 
Davidson, J. Amer. Chem. Soc., 1950, 72, 3168) 
may be relevant. The absorption between 
4000 and 6000 a. of solutions of mixtures 
of cuprous and cupric chlorides is greater 
than that which might be predicted from 
Beer’s law and the absorption of the individual 6000 4000 
components. The above workers propose a AA. 
type of optical interaction in order to explain [Cu(AsPh,MeO),)[CuCl,],, 7°35 x 10°. 
this; a similar phenomenon may occur here. 

Without an X-ray crystallographic examination the manner in which the extra cupric chloride 
is present in the anion must remain uncertain. The presence of the [CuCl,)~~ anion is excluded 
by the analysis required for the compound [Cu(AsPh,MeO),)[CuCl,], and it is more likely that 
polymerised [CuCl,}~ anions are formed. Wells (J., 1947, 1662) has shown that the garnet-red 
crystals of CsCuCl, actually contain spiral chains of CuCl, groups, some chlorine atoms being 
shared to complete the four-fold co-ordination. Prolonged treatment of the blue form with 
chlorine gives a reddish-brown compound, m. p. 127°, of the formula [Cu(AsPh,MeO),)[CuCl,},. 
This substance is readily soluble in nitrobenzene, in which it is an electrolyte (see Table II), and 
dissolves in water with decomposition. The gram susceptibility increases from 0-7 for the blue 
form to 2°88 and the magnetic moment per copper atom (1°95 B.M.) shows that all the copper 
is bivalent. 

As mentioned previously, whereas the brown form is obtained from an alcoholic solution, 
water must be added to obtain the blue. Also, the addition of a few drops of concentrated 
hydrochloric acid farrours the formation of the brown, even though some water is present. The 
addition of too much hydrochloric acid is to be avoided, otherwise no crystals appear at all, both 
forms being decomposed by mineral acid. In short, conditions which favour the formation of 
cuprichloride anions, e.g., presence of hydrochloric acid or lithium chloride or the absence of 
water, favour the formation of the brown form. On the other hand, the opposite conditions 
favour the formation of the blue form since the equilibrium [CuCl,]~- + 4H,O <—> [Cu(H,O),)** 
+ 3Cl- is thereby displaced to the right. 

5Y 
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Earlier workers have noted that on long storage the blue form becomes brown. On the 
formula proposed this could occur simply by partial oxidation of the [CuCl,]~ anion. In con- 
firmation of this, it has been observed that when the solid blue form comes into contact with 
even a trace of chlorine it becomes brown instantly. Further chlorination gives the compound 
[Cu(AsPh,MeO),}(CuCl,], discussed previously. The apparent “ conversion ”’ of the brown form 
into the blue brown is carried out by fractionally precipitating a solution of the former in nitro- 
benzene with light petroleum. The blue form separates first. In effect this is a separation of the 
blue form from a small amount of the cuprichloride complex, the latter being the more soluble. 

Both the analyses and the magnetic measurements are consistent with the explanation 
advanced for the constitution of the brown form. As shown in Table I the brown form contains 
a slightly higher proportion of chlorine than the blue. From these chlorine analyses it may be 
calculated that the brown form contains about 5—10% more bivalent copper than the blue; 
the actual proportion is variable and will depend upon the conditions used during the prepar- 
ation. The higher magnetic moment of the brown form follows as a direct consequence of the 
higher cupric content. The magnetic moment of 2:2 B.M. (see Table III) may be taken to 
mean that the cupric content is slightly higher than that calculated for the formula 
Cu,Cl,,4AsPh,MeO. Since the amount of excess cupric chloride is variable the magnetic sus- 
ceptibility is variable also. 

The melting points of these two forms are variable also, depending upon the composition. 
Generally speaking, as the chlorine content increases from 10°35%, so the melting point falls 
from 260° to about 245°. The highest melting point recorded was 260° for a recrystallised speci- 
men of the blue form, and the lowest was 244° for an unrecrystallised specimen of the brown. 

One puzzling observation by previous workers calls for comment. Mellor and Craig (loc. 
cit.) mention some unpublished experiments by Mellor and Morris dealing with the action of 
gaseous ammonia on the blue and the brown form. The latter stated that treatment of the 
residue from the ammonia treatment with methyl iodide yielded the methiodide of the tertiary 
arsine. Since it is not easy to see how methyl iodide could react with the arsine oxide, this 
observation is difficult to understand unless some reduction of the arsine oxide occurs during 
the ammonia treatment. Since a reducing agent, [Cu(NH,),|Cl, can be formed during the reac- 
tion, it is suggested that this may reduce some of the arsine oxide to the tertiary arsine which 
then reacts with the methyl iodide to give the methiodide as stated. 

Because it was at first thought that cations of the types [Cu(AsPh,Me),]* and [Cu(AsPh,Me),]* 
might be involved in the structures of these compounds, the cuprous complexes of methyl- 
diphenylarsine have been examined in more detail; the results of this investigation will be dis- 
cussed in a later part of this series. Complexes containing 1, 2, 3, and 4 molecules of tertiary 
arsine to one molecule of cuprous halide have been isolated, and their structures investigated. 
The cation [Cu(AsPh,Me),]* occurs in compounds of the type [(Cu(AsPh,Me),]/X, where X = I, 
ClO,. Compounds with the general formula [CuX,3AsPh,Me]® are non-electrolytes (X = 
Cl, Br, I), and the structure of compounds containing 2 molecules of the tertiary arsine is still 
being examined. The demonstration here that the blue and the brown form involve co- 
ordination of the cupric atom with a tertiary arsine oxide and not with a tertiary arsine means 
that there are now no examples known which involve the co-ordination of a cupric atom directly 
to a tertiary arsine. 

The structure of the cuprous—cupric bromide complex described by Burrows and Sandford 
(loc. cit.) may also be understood. The compound was made by treating the colourless solution 
obtained by the action of methyldiphenylarsine on an alcoholic solution of cupric bromide with 
excess of cupric bromide until a permanent brown colour was obtained; on storage, the solution , 
deposited greenish-black crystals melting at 202°. Table IV gives the analysis obtained by the 
above workers together with those calculated for other possible compounds. 

The deep green colour suggests the presence of some cupribromide anion, and since the 
experimental figures are clearly incompatible with the formula Cu,Cl,,3AsPh,Me, as judged by 


TABLE IV. 


Analyses of cuprous—cupric bromide complexes. 


Cope Br, %.- Cu, %- 
Cu,Cl,,3AsPh,Me ..... 6060000 0sccce cos con sca toe senecpece 21-9 11-5 
(Cu(AsPh,MeO),)[CuBr,),  ... 20-65 12-35 
(Cu(AsPh,MeO),|(CuBr,|,  ... wi, * 11-0 
[Cu(AsPh,MeO),}[CuBr,} . dhs Wigeabsincsbubetanoboece 21-5 8-5 


Burrows and Sandford (Found) . ie dnewebedeniutesdes 21-5 11-5 
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value for arsenic, the compound appears to be a mixture of [Cu(AsPh,MeO),)[CuBr,], and 
[Cu(AsPh,MeO),}[CuBr,],. For a mixture of 70% of the former and 30% of the latter the 
analysis is: Br, 21-4; Cu, 11°9; As, 19°3%, in fair agreement with the figures obtained. The 
compound is thus formally analogous with the brown chloride isomer. 

The potentialities of the oxides of tertiary amines, phosphines, and arsines as ligands are 
being examined. Since in all cases co-ordination to the metal would be through the fairly 
electronegative oxygen atom, the elements most likely to co-ordinate are those with a strong 
affinity for oxygen, ¢.g., chromium and aluminium. If it is assumed that the double bond 
structure is important in the cases of the tertiary phosphine and arsine oxides, then they may 
show a marked difference in behaviour from the tertiary amine oxides for which the single-bond 
structure only is possible. Tertiary amine oxides would form with metals structures of the 
type R,N-+ O-M. In general, the donor capacity of an atom seems to diminish as the 
number of lone pairs of electrons available increases, e.g., NH, > H,O > HF; Et,P > Et,S > 
EtCl. In view of this, one might expect R,PO and R,AsO to be better ligands than R,NO. 
However, the oxygen atom in R,NO will be more negative than in the other two oxides and this 
may increase the donor capacity of the former. Experiments are being carried out to compare 
these oxides. It will also be of interest to examine the behaviour of the corresponding sulphides 
R,PS and R,AsS. 


EXPERIMENTAL. 


Preparation of the Blue and the Brown Compound.—Earlier workers have given details of the prepar- 
ation of these compounds and the following experiments are recorded only to show the effect of different 
conditions upon the product isolated. 


Effect of hydrochloric acid, water, and lithium chloride. Anhydrous cupric chloride (1-0 g.) was dis- 
solved in alcohol (45 ml.), and the solution heated to boiling, filtered and treated whilst hot with methyl- 
diphenylarsine (1-8 g.) dissolved in alcohol (20 ml.), a colourless solution being obtained. This solution 
was divided into three equal parts A, B,and C. Part A was treated with 10n-hydrochloric acid (0-5 ml.) 
in alcohol (5 ml.), and the solution heated to boiling and left in a 100-ml. beaker freely exposed to the 
air; after 24 hours the solution had become blue but no crystals appeared, even on long storage. Part 
B was treated with distilled water (5 ml.) only, heated to boiling, and then set aside as above; after 24 
hours blue crystals (0-4 g.), m. p. 256°, were found on the bottom of the beaker. Around the top of the 
solution, in that area from which a small amount of evaporation had occurred, were observed some very 
small brown crystals in addition. No doubt these arise from local concentration effects and the greater 
accessibility of air. Part C was treated with lithium chloride (0-5 g.) dissolved in alcohol—water (5 ml. ; 
1 : 1), and the solution heated to boiling and set aside. In spite of the presence of water and the absence 
of acid, brown crystals (0-33 g.) were obtained after 24 hours; these had m. p. 253°. 


Chlorination of the blue form. Chlorine was passed for several hours over the finely powdered blue 
isomer (0-207 g.), the colour changing to a deep reddish-brown. After drying in a vacuum desiccator the 
increase in weight was 5-0%; that calculated for complete oxidation to (Cu(AsPh,MeO),}/CuCl,), is 
52%, This salt contained C, 43-2; H, 3-7; Cl, 14-9 (C;,H,,0,Cl,As,Cu, requires C, 43-2; H, 3-6; Cl, 

4-75%). 

Tetrakis(methyldiphenylarsine oxide)copper(11) Perchlorate.—This was prepared both by the action 
of hydrogen peroxide on the tertiary arsine and also by chlorine oxidation of the latter. (a) Copper 
sulphate pentahydrate (0-25 g.), dissolved in distilled water (20 ml.), was treated with methyldiphenyl- 
arsine (1-0 g.) in alcohol (20 ml.), and the solution heated on the water-bath with constant addition of 
30% hydrogen peroxide. After 3 hours’ heating, excess of sodium perchlorate solution and hydrogen 
peroxide were added, and the mixture left for 24 hours. Blue crystals (1-0 g.) of the required perchlorate 
were obtained which were filtered off, washed with alcohol, and dried in vacuo [Found : C, 47-7; H, 4:2; 
Cl (Carius), 4-7. C,,H,,As,0O,,Cl,Cu requires C, 47-7; H, 4:0; Cl, 5-4; Cu, 505%]. No precipitate is 
obtained when the compound is heated with nitric acid and silver nitrate solution, or with nitric acid and 
barium chloride solution, showing that both chloride ion and sulphate ion are absent. On treatment with 
sodium hydroxide solution a blue precipitate is formed first, being readily soluble in excess of the alkali 
to a blue solution, probably owing to the formation of a salt in which the tertiary arsine oxide behaves as 


a dibasic acid, i.e., Naf Cu 5 >AsMePh,) | However, the nature of this solution was not investigated 
further. 


(b) Methyldiphenylarsine (2-0 g.), dissolved in alcohol (50 ml.), was treated with excess of chlorine gas, 
the solution evaporated to dryness, and the residue boiled with sodium hydroxide to effect hydrolysis of 
the arsine dichloride. The solution was then treated with a little excess of chlorine to ensure that oxid- 
ation was complete. After evaporation to dryness, the residue was dissolved in distilled water, and copper 
sulphate pentahydrate (0-6 g.) added. Owing to the alkalinity, a black precipitate of copper oxide was 
formed but this dissolved on the addition of excess of perchloric acid. A little chlorine was evolved at 
this stage and then on heating on the water-bath a pale blue precipitate appeared. After 3 hours’ 
heating, the compound (2-1 g.) was filtered off, well washed with alcohol and water, and dried in vacuo 
(Found: C, 47-4; H, 44; Cu, 49%). For magnetic susceptibility see Table III. On heating, the 
compound decomposed explosively above 200°. 

Oxidation of the Blue Form with Potassium Dichromate.—By dissolving the blue form in 4n-hydro- 
chloric acid and titrating it potentiometrically with n/20-potassium dichromate, it is possible to establish 
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that two-thirds of eee is present in the cuprous state. Owing to the ease with which the compound 


HCuCl, in solution oxygen, carbon dioxide must be passed throughout the titration. The blue 
isomer (0-4606 g.) was dissolved in hot, air-free 4n-hydrochloric acid (70 ml.), carbon dioxide being passed 
into the solution. w/20-Potassium dichromate (20 ml.) was added to the warm solution, followed by 
solid ferrous ammonium sulphate (0-4034 g.). The excess of the latter was then titrated potentiometric- 
ally with n/20-potassium dichromate, a titre of 13-0 ml. ag eee The calculated titre, it being 
assumed that the formula of the blue substance is [Cu(Ph,MeAsO),}[CuCl,],, is 13-4 ml. 

Magnetic Susceptibility Measurements.—The Gouy method was used. For details see Part III (/., 
1950, 851). 

Absorption spectra were determined with a Unicam Spectrophotometer, 1-cm. glass cells being used. 


The author is a indebted to Dr. D. P. Craig for suggestions and valuable discussions during 
this investigation. e also acknowledges the award by the University of London of an Imperi 
Chemical Industries Fellowship during the tenure of which this investigation was started. Helpful 
criticism by Dr. J. Chatt and the continual interest of Professor C. K. Ingold, F.R.S., are also much 
appreciated. 
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University CoLLece, Lonpon, W.C.1. (Received, February 16th, 1951.) 





387. Synthetic Antimalarials. Part XLVII.* N?-3 : 4-Dihalogeno- 
phenyl-N®-alkyl- and -N®N®-dialkyl-diguanides. 


By A. F. CrowTHER, (the late) F. H. S. Curp, D. G. Davey, J. A. HENDRY, 
W. Hepworth, and F. L. Rose. 


Diguanides related to ‘‘ Paludrine,”” but carrying various mono- and poly- 
halogenophenyl groups in place of p-chlorophenyl, have been made and 
examined for antimalarial activity. The 3: 4-dihalogeno-derivatives are 
the most effective. ortho-Substitution always destroys antimalarial activity. 


In previous papers in this series (Part X, J., 1946, 729; Part XXVIII, J., 1948, 1630) we have 
described the preparation of N'-alkyl-N%-aryl- and N1N1-dialkyl-N*-aryl-diguanides, including 
“ Paludrine ’’ (Proguanil), which have high antimalarial activity. During an extension of the 
search for still more active compounds the six isomeric N!-dichlorophenyl-N*-isopropyldiguanides 
were prepared and examined for their action against P. gallinaceum in chicks. The four isomers 
containing ortho-chlorine atoms were inactive. The 3: 5-dichloro-compound was roughly 
comparable with Proguanil (I; R = Cl, R’ = R” = H, R’” = Pr’) in activity and the 3 : 4-di- 
chloro-compound had an activity completely unprecedented in this series (see Table I). Its 
suppressive activity (roughly 5—10 times that of Proguanil on a dosage basis) stimulated the 
search amongst similar compounds. An exhaustive study was made of the nine possible 
combinations of (I; R = Cl, Br, orI; R’ =Cl, Br, or I; R” = Pri; R’”’ = H) and similarly 


<~-NH-C-NH-C-NR’R” RR’/N-C-NH-CN 
\ FZ i 

NH NH H 
(I.) (II.) 


with (I; R” = Et, R’” =H), (I; R” = Pr, R’” =H), (I; R” = Me, R” = Pr), (I; R” = 
Me, R’” = Pr’). In addition the series (I; R = R’ = Cl) was extended to include the terminal 
groupings methyl, »-butyl, sec.-butyl, isobutyl, dimethyl, and diethyl. The biological results 
are set out in Tables II—VI. 

For any given aryl grouping the compound with a terminal isopropyl group was invariably 
the most active. Terminal ethyl, n-propyl, and methyl-isopropyl groups conferred a somewhat 
lower activity, whilst the methyl-n-propyl group was even less effective. 

All the 3 : 4-dihalogeno-compounds examined have shown markedly higher activities than 
the corresponding members of the p-halogeno-series and, as will be seen from study of Table II, 
the choice made of the particular halogen atom had little influence on the therapeutic effect. 
It is of interest that (I; R = R’ = Cl, R” = Me, R’” =H) had some slight antimalarial 
activivy whereas (I; R = Cl, R’ = R” =H, R’”’ = Me) was inactive at the highest possible 
dose (Part X, loc. cit.). 

* Part XLVI, /., 1951, 1038. 
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Position of Clrelative Dose, Position of Clrelative Dose, 
todiguanidechain. mg./kg. Activity. Ref.no. todiguanidechain. mg./kg. 
2:3 40 : 20 
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Ref.no. R”. : ./kg. Activity. 
7396 Bui 
7408 Me 
'7391 Me 
7410 +#Et 
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Cl 
pS Ce Le "ee 
TaBLe VII. cK NH gs f a R 
cl 


Dose, Dose 
x. mg./kg. Activity. Ref.no. R”. > mg./kg. Activity. 
H 27-6 spo 6063 Pri H 5-0 + 
H 7-2 spot 6911 Me Pri 10-0 TT + 


€S-NH-C-NH-C-NR’R” 
TaBLe VIII. —_ fr t 
R 


Dose, Dose, 

Ref.no. R. ° R’”’. mg./kg. Activity. Ref. no. , _ . mg./kg. Activity. 
6755 m-Cl 2 H 22-1 6352 
6574 m-Cl 92-8 } 6509 
6756 m-Br 51-2 6573 
6575 m-Br 107-0 } 6572 
6246 m-Br 10-0 ; 6867 
6774 m-I 58-7 ++ 6605 
6950 m-I 30-4 


Several N}-3: 4: 5-trichlorophenyl-N*-alkyl- and -N*N5-dialkyl-diguanides were also 
prepared and examined. High activity, of the same order as that of the p-chloro-series, was 
encountered (Table VII). 

The monohalogenoaryldiguanide series has also been extended (Table VIII), in order to give 
a more complete picture of the activity of this type of compound. There was little difference 
in activity between corresponding members of the selected group (I; R = R” =H, R’ = 
halogen, R’” = alkyl), and the p-iodo-compounds were roughly equal in chemotherapeutic 
effectiveness to the corresponding members of the p-chloro-series (Part X, loc. cit.). 

The activity in a causal prophylaxis test was found to parallel the therapeutic activity in 
all cases. 


The diguanides described herein were all prepared by one or other or both of the methods 
described in Part XXVIII (loc. cit.). In the first of these an aryldicyandiamide (II; R = aryl, 
R’ = H) was condensed with an alkyl- or dialkyl-amine hydrochloride in nitrobenzene at 
about 135°. The other method was the converse of this. An arylamine hydrochloride was 
condensed with an alkyl- or dialkyl-dicyandiamide (II; R = alkyl, R’ = H or alkyl), usually 
in 2-ethoxyethanol. Both the aryl- and the alkyl-dicyandiamides were prepared from sodium 
dicyanamide and the appropriate amine hydrochloride (Part XXVIII, loc. cit.). 


EXPERIMENTAL, 


4-Bromo-3-chloroaniline.—4-Bromo-3-chloroacetanilide (20 g.; Wheeler and Valentine, Amer. 
Chem. J., 1899, 22, 270) was boiled under reflux with 5n-hydrochloric acid (50 c.c.) for 3 hours. The 
solution was cooled, and the crystals which separated were filtered off, washed with a little water, and 
dried (14-6 g.). Crystallisation from 2n-hydrochloric acid gave 4-bromo-3-chloroaniline hydrochloride as 
colourless plates, m. p. 227° (Found: N, 6-1. C,H,NCIBr,HCl requires N, 5-8%). 

3-Bromo-4-chloroaniline.—(a) m-Bromoacetanilide (15-5 g.) was dissolved in glacial acetic acid 
(60 c.c.) and chlorine (5-4 g.) was passed into the solution. The mixture was kept at room temperature 
for 30 minutes and the solid was then filtered off, washed with acetic acid, drained thoroughly, 
and crystallised from aqueous ethanol, giving 4-chloro-3-bromoacetanilide (3-2 g.), m. p. 127—128° 
(Chattaway and Orton, /., 1901, 79, 466, gave m. p. 130°). Dilution of the acetic acid liquors with water 
(400 c.c.) gave probably 5-bromo-2-chloroacetanilide, colourless needles (from aqueous ethanol), m. p. 
138—140° (Chattaway and Orton, Joc. cit., gave m. p. 141°). The 3-bromo-4-chloroacetanilide (7-2 g.) 
was hydrolysed by boiling it with 5n-hydrochloric acid (16 c.c.) for 30 minutes. The mixture was cooled, 
and the crystals were filtered off, washed with 2N-hydrochloric acid, and dried, giving colourless needles 
(6-0 g.) (from ethanol) of 3-bromo-4-chloroaniline hydrochloride, m. p. 243—244° (Found: N, 6-2. 
C,H,NCIBr,HCl requires N, 58%). Conversion into the base gave colourless plates [from light 
petroleum (b. p. 60—80°)}, m. p. 81-5—82° (Found: N, 6-95. Calc. for C,H,;NCIBr: N, 68%). 
Chattaway and Orton (loc. cit.) gave m. p. 78°. 

(b) 2-Bromo-1-chloro-4-nitrobenzene (65 g.) (Kérner and Contardi, R. Accad. Lincei, 1913, [v], 22, 
I, 825; Chem. Abs., 1914, 8, 74) [from 2-bromo-4-nitroaniline (K6érner and Contardi, R. Accad. Lincei, 
1914, [v], 28, I, 285; Zentr., 1914, 85, II, 470)}] was suspended in ethanol (450 c.c.) and added slowly to a 
solution of stannous chloride (190 g.) in 10N-hydrochloric acid (400 c.c.) at 20—30°. The mixture was 
then stirred at 60° for 24 hours and steam-distilled to remove the ethanol, and the residue made strongly 
alkaline with 10N-sodium hydroxide and again steam-distilled. 3-Bromo-4-chloroaniline solidified in 
the receiver, was filtered off, and dried (41 g.); it had m. p. 74—78°. 
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3-Chlovo-4-iodoaniline.—The method of Dains, Vaughan, and Janney (J. Amer. Chem. Soc., 1918, 
40, 934) in which m-chloroaniline is iodinated was used. It was found convenient to use benzene instead 
of ether as the solvent. 


3 : 4-Dibromoaniline.—(a) 1: 2-Dibromo-4-nitrobenzene was prepared by dissolving 2-bromo-4- 
nitroaniline (65 g.) in a mixture of acetic acid (375 c.c.) and a acid (225 c.c.). The solution was 
diluted with water (225 c.c.), then cooled to 0°, and a solution of sodium nitrite (22 g.) in water (225 c.c.) 
was added slowly with stirring and cooling. The solution was set aside for 1 hour and then added 
dropwise with stirring and cooling to a solution of cuprous bromide [from copper sulphate c 
(75 g.)] in hydrobromic acid (126 c.c.; 48%). The mixture was then warmed to 40° and then kept at 
room temperature for 16 hours. Water (5 1.) was added and, after 3 hours, the solid was filtered off, 
washed with water, and dried (85 g.; m. p. 54—57°). Riese (Amnalen, 1872, 164, 179) gave m. p. 58°. 


The nitro-compound was reduced in the same manner as 2-bromo-l-chloro-4-nitrobenzene (see 
above). The first runnings of the final steam-distillation ap ed to contain m-bromoaniline, but the 
remainder of the distillate gave 3 : 4-dibromoaniline, colourless prisms (from aqueous ethanol), m. p. 
77—79°. Ké6rner (Gazzetta, 1874, 4, 370) gave m. p. 80-4°. 


(b) 3: 4-Dibromoacetanilide (Kérner, Gazzetta, 1895, 25, I, 96) was hydrolysed by boiling 5n-hydro- 
chloric acid and gave colourless needles (from 2Nn-hydrochloric acid) of 3: 4-dibromoaniline hydro- 
chloride, m. p. 226° (Found: N, 4:95. Calc. for C,H,NBr,,HCl: N, 4-9%). (Ké6rner, Joc. cit., gave 
m. p. 220—230°). Treatment with 2n-sodium hydroxide gave the base, m. p. 80—81°. 


3-Bromo-4-iodoaniline.—An attempt to prepare this amine by the reduction of 2-bromo-1-iodo-4- 
nitrobenzene (Kérner, ibid., 1874, 4, 385) with stannous chloride gave only m-bromoaniline. It was 
therefore made by the method of Dains, Vaughan, and Janney (/oc. cit.). 


4-Chloro-3-iodoaniline.—(a) 1-Chloro-2-iodo-4-nitrobenzene (10-6 g.; Kérner and Contardi, R. Accad. 
Lincei, 1913, [v], 22, I, 825; Chem. Abs., 1914, 8, 74; from 2-chloro-5-nitroaniline), stannous chloride 
(25-4 g.), 10N-hydrochloric acid (50 c.c.), and ethanol (20 c.c.) were stirred together at 60° for 24 hours. 
10N-Sodium hydroxide was added in excess and the mixture was steam-distilled. The pale yellow oil, 
which distilled, rapidly crystallised, was filtered off, washed with water, dried, and gave colourless 
plates of 4-chlovo-3-iodoaniline, m. P- 70° (Found: N, 6-05. C,H,NCII uires N, 5-5%). The hydro- 
chloride formed colourless needles from 2n-hydrochloric acid, m. p. 241° (Found: C, 24-95; H, 2-65; 
N, 5-2. C,H,NCII,HCI requires C, 24-8; H, 2-1; N, 4-8%). 


(6) Iodine monochloride (81-25 g.) in glacial acetic acid (300 c.c.) was added to a stirred solution of 
p-nitroaniline (69 g.) in glacial acetic acid (400 c.c.) at 20—25° during 15 minutes. The mixture was 
kept at room temperature for 16 hours, filtered from a small amount of solid, and poured into water 
(61.). The pale yellow crystals of 2-iodo-4-nitroaniline were filtered off, washed with water, and dried 
at 60° (109 g.; m. p. 105—106°) (Willgerodt and Arnold, Ber., 1901, $4, 3344, described a slightly more 
elaborate procedure and gave m. p. 105°). 


The 2-iodo-4-nitroaniline (26-4 g.), dissolved in glacial acetic acid (125 c.c.) and sulphuric acid 
(75 c.c.), was added to ice (75 g.). The mixture was stirred at 0° whilst a solution of ium nitrite 
(7-25 g.) in water (75 c.c.) was slowly added, and then added dropwise to a stirred solution of cuprous 
chloride (12 g.) in 10N-hydrochloric acid (25 c.c.) at 0°. Reaction was completed by stirring for 1 hour 
at 0—10° and then on the steam-bath until all the nitrogen had been evolved. The solution was poured 
into water (1 1.), and the solid filtered off, washed with water, and dried. The 1-chloro-2-iodo-4-nitro- 
benzene, purified slightly by dissolution in ethanol and reprecipitation by water (24-3 g.), had m. p. 68° 
(K6érner and Contardi, loc. cit., gave m. p. 78°). 

This crude nitro-compound was shaken in methanol (100 c.c.) with Raney nickel and hydrogen at 
room temperature and pressure. When reaction was complete, the mixture was filtered and 10Nn-hydro- 
chloric acid (100 c.c.) added to the filtrate. Almost colourless needles of 4-chloro-3-iodoaniline hydro- 
chloride separated and were filtered off, washed with ethanol, and dried (17-5 g.); they had m. p. 236° 
(Found: Cl’, 12-1. Calc. for CsH,;NCII,HC1: Cl’, 12-2%). 
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1780 Crowther, Curd, and Rose : 


4-Bromo-3-iodoaniline.—Ice (75 g.) was added to a cold solution of 2-iodo-4-nitroaniline (26-4 g.) in 
acetic acid (125 c.c.) and sulphuric acid (75 c.c.). Sodium nitrite (7-25 g.) in water (75 c.c.) was added 
at 0° during 30 minutes. The mixture was stirred at 0° for 1 hour and then added to a stirred solution of 
cuprous bromide [from copper sulphate pentahydrate (25 g.)] in hydrobromic acid (42 c.c.; 50%) at —5° 
to 0° during 1 hour. The mixture was stirred for a further hour at 0—10° then at 80° until all the 
nitrogen was evolved, cooled to 40°, and poured into ice-cold water (11.). The pale brown granular solid 
was filtered off, washed with water, and dried (32-4 g.). Crystallisation from methanol afforded buff- 
coloured prisms of 1-bromo-2-iodo-4-nitrobenzene, m. p. 96—99°. Wheeler and Valentine (loc. cit.) gave 
m. p. 95—96°. 


The nitro-compound was reduced either by stannous chloride in hydrochloric acid, or catalytically 
with Raney nickel and hydrogen as for the previous amine, giving 4-bromo-3-iodoaniline as colourless 
plates [from light petroleum (b. p. 60—80°)], m. p. 77-5°. It gave the hydrochloride, m. p. 222°, and 
an acetyl derivative, colourless prisms (from aqueous ethanol), m. p. 137—139°. Wheeler and Valentine, 
loc. cit., gave m. p. 77°, 210°, and 138—139° respectively. 

3 : 4-Di-iodoaniline.—The base was prepared according to the method of Brenans (Bull. Soc. chim., 
1903, 29, 604) and gave the hydrochloride, colourless needles, m. p. 199°, from ethanol-ethyl acetate 
(Found : N, 41,405. C,H,NI,,HCl requires N, 3-7%). 


Methyl-n-propyldicyandiamide (II; R= Me, R’ = Pr®).—Methyl-n-propylamine hydrochloride 
(43-5 g.), sodium dicyanamide (35 g.), and butanol (100 c.c.) were stirred together under reflux for 3 hours. 
The mixture was cooled and filtered and the filtrate evaporated under reduced pressure. The residual 
syrup did not crystallise and was used in this state for the preparation of diguanide derivatives. 

sec.-Butyldicyandiamide (Il; R = sec.-Bu, R’ = H).—sec.-Butylamine hydrochloride (11 g.), 
sodium dicyanamide (9 g.), and butanol (75 c.c.) were stirred together under reflux for 3 hours. The 
cooled suspension was filtered and the filtrate evaporated to small bulk. Crystals separated. These 
were filtered off, washed with butanol, and dried (2-0 g.)._ Crystallisation from butanol gave colourless 
plates of N!N°-di-sec.-butyldiguanide hydrochloride, m. Pp. 264° (Found: C, 48-9; H, 10-35; N, 28-15. 
C,9H,,N,,HCl requires C, 48-1; H, 9-7; N, 28-1%). The butanol liquors were evaporated to dryness 
leaving crude sec.-butyldicyandiamide as an uncrystallisable syrup, which was used as such for the 
preparation of a diguanide derivative. 


Aryldicyandiamides (11; R = aryl, R’ = H).—Table IX records dicyandiamides prepared from 
sodium dicyanamide and the appropriate arylamine hydrochloride (Part XXVIII, loc. cit.). 

»  N}-Aryl-N®*-alkyl- and -N‘N°‘-dialkyl-diguanide Hydrochlorides.—The diguanides were prepared by 
one or other or both of the two methods of Part XXVIII (loc. cit.), viz., (a) from the appropriate aryldi- 
cyandiamide and alkyl- or dialkyl-amine hdrochloride heated together in nitrobenzene and (b) from the 
appropriate arylamine hydrochloride and alkyl- or NN-dialkyl-dicyandiamide heated together in 
2-ethoxyethanol (except where otherwise stated). All the diguanide hydrochlorides were colourless 
crystalline solids and were recrystallised from water except where otherwise stated. The compounds 
prepared are recorded in Table X, 


IMPERIAL CHEMICAL INDUSTRIES LIMITED, RESEARCH LABORATORIES, 
HEXAGON House, MANCHESTER, 9. (Received, February 20th, 1951.) 





388. Synthetic Antimalarials. Part XLVIII. The Action of 
Halogens on N}-Aryldiguanides. 
By A. F. Crow Tuer, (the late) F. H. S. Curp, and F. L. Rose. 


Direct halogenation by chlorine, bromine, or iodine chloride (iodine 
failed to react) of N'-aryl-, N!-aryl-N%-alkyl-, N1-aryl-N*N5-dialkyl-, N}-aryl- 
N?N°-dialkyl-, and N!-aryl-N4N5-dialkyl-diguanides without a substituent in 
the para-position has provided a further method for the preparation of 
members of this class with high antimalarial activity (see preceding paper). 
Substitution took place preferentially in the para-position, even when a 
halogen atom was already present in the meta-position, but in this case there 
was a tendency for mixtures to be formed. 

There was no evidence that the diguanide group was attacked under the 
conditions employed. 


THE preparation of a large number of diguanide derivatives has been reported in previous 
papers in this series (Parts X, J., 1946, 729; XXVIII, J., 1948, 1630: XXIX, J., 1948, 1636; 
XXX, J., 1948, 1645; XXXIII, J., 1949, 98; XXXVII, J., 1949, 475; XLVII, preceding 
paper). In most cases, the compounds of biological interest have carried a p-halogenophenyl 
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group at N' of the diguanide chain. The purpose of this paper is to report the direct 
halogenation of N!-phenyldiguanide derivatives (I; R = H, halogen, OMe, Me; R’ = H or 
alkyl; R” = Hor alkyl), in which the para-position is unsubstituted. 


yg? yg (I) 


The diguanide base, or hydrochloride, was dissolved in either acetic acid or concentrated 
sulphuric acid and treated with a calculated quantity of chlorine, bromine, or iodine chloride. 
The diguanide molecule was found to be extremely stable under these conditions. 

N'-Phenyldiguanide (I; R = R’ = R” =H), N*-phenyl-N-isopropyldiguanide (I; R = 
R’ = H, R” = Pr') and N'-methyl-N*-phenyl-N'-isopropyldiguanide (I; R =H, R’ = Me, 
R” = Pr’) were first examined. The corresponding p-halogenophenyl derivatives were formed 
in good yield in each case from each of the three halogenating agents. With two molecular 
equivalents of chlorine, (I; R = R’ = H, R” = Pr') gave the 2 : 4-dichlorophenyl compound 
(preceding paper). We were unable to effect any reaction between elementary iodine and 
(I; R = R’ = R” =H). 

Some evidence was obtained of substitution at more than a single position with N'-phenyl- 
diguanide derivatives bearing meta-substituents. Chlorination of N'-m-chlorophenyl-N*-iso- 
propyldiguanide (I; R = Cl, R’ = Pr’, R” = H) gave a product which only after repeated 
crystallisation of the hydrochloride yielded pure N'-3 : 4-dichlorophenyl-N*-isopropyldiguanide 
(preceding paper). Bromination gave a mixture from which no pure constituent could be 
isolated. On the other hand, by the use of iodine chloride, N1-3-chloro-4-iodophenyl-N'-iso- 
propyldiguanide hydrochloride (preceding paper) ;was readily obtainable. Impure products 
were obtained by the chlorination and bromination of N!-m-bromophenyl-N*-isopropyldiguanide 
(I; R = Br, R’ = Pr’, R” = H) although in both cases the hydrochlorides isolated undoubtedly 
contained a high proportion of the corresponding 3: 4-disubstituted phenyl compounds. In 
neither case was there a depression of melting point when admixed with the corresponding 
3-bromo-4-chloro- and 3: 4-dibromo-derivatives. lodine chloride reacted only partially with 
(I; R = Br, R’ = Pr’, R” = H) even after prolonged heating. 

It seems likely that additional ortho-substitution was taking place in those cases where 
mixtures of products were obtained, with the formation of 2 : 5-disubstituted derivatives. It 
may be, also, that some trihalogeno-derivatives were formed. 

Bromination of N?-3 : 5-dichlorophenyl-N5-isopropyldiguanide proceeded almost entirely 
at the 4-position. An identical product was obtained from 4-bromo-3.: 5-dichloroaniline hydro- 
chloride (Hurtley, J., 1901, 79, 1303) and isopropyldicyandiamide. 

Other ortho—para-directing groups used as substituents in the 3-position gave rise to simple 
chlorination in the 4-position. Thus the product of chlorination of N'-m-methoxyphenyl-N*- 
isopropyldiguanide hydrochloride (I; R = OMe, R’ = Pri, R” =H) was the 4-chloro-3- 
methoxy-compound, identical with the product of the reaction of the hydrochloride of 5-amino- 
2-chloroanisole (Reverdin and Eckhard, Ber., 1899, 32, 2626) and isopropyldicyandiamide. 
Similarly, N'-isopropyl-N*-m-tolyldiguanide hydrochloride (I; R = Me, R’ = Pr', R” = H) 
yielded N'-4-chloro-3-methylphenyl-N5-isopropyldiguanide. 

Introduction of alkyl groups at positions N* and N* of the diguanide molecule had little 
effect on the course of halogenation. N*-Methyl-N'-phenyl-N*-isopropyldiguanide hydro- 
chloride (II; R = R’ = R” =H, R”’ = Me) [prepared from N-phenylguanyl-N’-isopropyl- 
thiourea (III; R = H) by a method similar to those described in Part XXX, loc. cit.] reacted 
with chlorine in acetic acid to give the p-chlorophenyl analogue. N?#-3 : 4-Dichlorophenyl]-N?- 
methyl-N*-isopropyldiguanide hydrochloride (II; R= R’ =Cl, R” = Me, R’’ =H) was 
formed by the chlorination of N'!-m-chlorophenyl-N*-methyl-N*-isopropyldiguanide hydro- 


4A S_NH-CNEH-C: F ae ee es gn PO 
RE -NH-(-NH-C-NHPrt at) ge ae n> -nigngnner 


= NR” NR” a NH 
(I1.) (III.) (IV.) 


chloride (II; R = R’” = H, R’ = Cl, R” = Me) which was obtained trom N-m-chlorophenyi- 
N’-isopropylguanyithiourea (IV; R = H), methylamine, and mercuric oxide as described in 
Part XXIX (loc. cit.). The identity of this chlorination product was established by its 
unambiguous synthesis from N-3 : 4-dichlorophenyl-N’-isopropylguanylthiourea (IV; R = Cl). 








Crowther, Curd, and Rose: 


EXPERIMENTAL, 


Chlorination of N'-Phenyldiguanide (I; R = R’ = R” = H).—Into a solution of N'-phenyldiguanide 
8-85 g.; Cohn, /. pr. Chem., 1911, 84, 394) in glacial acetic acid (30 c.c.) a stream of gaseous chlorine 

3 g.) was passed, with cooling. The mixture was kept at room temperature for 30 minutes and then 
filtered. Acetone (100 c.c.) was added to the filtrate and the crystals which ted were collected, 
washed with acetone, and dried (5-6 g.). Crystallisation from water afforded colourless needles of 
N'-p-chlorophenyldiguanide hydrochloride, m. p. 253—254°, undepressed on admixture with authentic 
material (Part IV, J., 1946, 362). ; 

Chlorination of N!-Phenyl-N*-isopropyldiguanide (1; R = R’ = H, R” = Pr').—(a) A solution of 
N1-phenyl-N*-isopropyldiguanide hydrochloride (I; R = R’ = H, R” = Pri, 2-56 g.; Part XXVIII, 
loc. cit.) in water (50 c.c.) was made alkaline with 10N-sodium hydroxide, and the liberated base was 
extracted with benzene, dried (K,CO,), filtered, and evaporated. The residue was dissolved in acetic 
acid (10 c.c.), and chlorine was passed into the solution at 0—10° until 0-71 g. had been absorbed. The 
mixture was allowed to warm to room temperature, then diluted with water (40 c.c.), stirred with carbon, 
filtered, and poured into an excess of 5n-sodium hydroxide. The precipitate was separated, washed 
with water, dissolved in 2n-hydrochloric acid, and made faintly alkaline to brilliant-yellow with dilute 
aqueous ammonia. The solid was filtered off, washed with water, and dried (2-4 g., 83%). 
Crystallisation from water gave colourless needles of N'-p-chlorophenyl-N*-isopropyldiguanide hydro- 
chloride, m. p. 243—-244°, alone and mixed with an authentic sample (Part X, loc. cit.). The hydro- 
chloride, converted into the base, dissolved in ethyl acetate and neu i with acetic acid, gave the 
acetate, m. p. 184—185° undepressed by admixture with an authentic specimen. 

(b) N!-Phenyl-N*-isopropyldiguanide hydrochloride (1-27 g.), dissolved in acetic acid (10 c.c.) and 
treated with chlorine gas (0-37 g.), gave, after working up as in (a), N'-p-chlorophenyl-N*-isopropyl- 
diguanide hydrochloride (1-3 g.), m. p. 243—244° alone and mixed with an authentic specimen. 

(c) N'-Phenyl-N‘-isopropyldiguanide hydrochloride (1-9 g., 1 mol.) was converted into the base, 
dissolved in acetic acid (10 c.c.), and treated with gaseous chlorine (1-55 g., 2 mols.). The solution was 
kept for 16 hours at room temperature, then diluted with water, and the small amount of oil present was 
removed by extraction with benzene. The aqueous part was made strongly alkaline with sodium 
hydroxide and extracted with benzene, and the benzene solution shaken with 2Nn-hydrochloric acid 
(10 c.c.). The separated acid layer was treated with carbon and filtered, and the filtrate made faintly 
alkaline with aqueous ammonia. The colourless solid was filtered off, washed with water, and dried 
og g-). Colourless plates of N1-2 : 4-dichlorophenyl-N°-isopropyldiguanide hydrochloride were obtained 

y crystallisation from water, and had m. p. 240—241°, alone or mixed with an authentic specimen 
(preceding paper). 

Chlorination of Ne ee ee 
guanide hydrochloride (I; R =H, R’ = Me, R” = Pr') was obtained (cf. Part X, Joc. cit.) from 
phenyldicyandiamide (Part X, Joc. cit.) and methylisopropylamine hydrochloride in nitrobenzene at 140°, 
and had m. p. 212° (Found: N, 25-7, 25-85. C,,H,,N,,HCl requires N, 25-9%). The derived base 
(2-5 g.) was treated with chlorine (0-65 g.) in acetic acid. By working as before N1-p-chlorophenyl- 
N*-methy!-N5-isopropyldiguanide (1-61 g.) was obtained and converted into the acetate which crystallised 
as colourless rods (from methanol-ethy] acetate), m. p. 212°, alone or mixed with an authentic specimen 
(Part X, loc. cit.). 

Bromination of N'-Phenyldiguanide.—(a) N‘-Phenyldiguanide (3-54 g.) was dissolved in acetic acid 
(10 c.c.) and to the chilled solution was added a solution of bromine (3-2 g.) in acetic acid (5c.c.). The 
mixture was kept at room temperature for 1 hour, then water (70 c.c.) was added, and the mixture 
warmed to give a clear solution, filtered, and made strongly alkaline with 10N-sodium hydroxide. The 
solid formed was filtered off, washed with water, and dried (3-6 g.). It crystallised from aqueous ethanol 
in feathery needles which when heated rapidly had m. p. 95—98° but when heated slowly had m. p. 136°, 
softening at 95°. The base was converted into the dipicrate, prisms (from ethanol), m. p. 190°, alone or 
mixed with N1-p-bromophenyldiguanide dipicrate [prepared from the base (Part IV, Joc. cit.), 
yellow prisms (from ethanol), m. ie 190° (Found: N, 20-5, 20-6; loss at 100°, 2-7. 
C,H,.N,Br,2C,H,O,N,,4C,H,O requires N, 20-9; C,H,O, 3-1%)). 

(6) N*-Phenyldiguanide (10-62 g.), dissolved in sulphuric acid 45 c.c.; d 1-84), was stirred with 
bromine (9-6 g.) at room temperature for 30 hours. Most of the bromine had reacted by this time. The 
mixture was poured into water (300 c.c.), stirred with carbon, filtered, and made alkaline with 10N-sodium 
hydroxide. The solid was filtered off, washed with water, extracted with ethanol, and evaporated to 
small bulk. To the hot solution, water was added and, on cooling, colourless needles of the base separated 
(11-2 g.). It gave N1-p-bromophenyldiguanide hydrochloride, m. p. 242—244°, and dipicrate, m. p. 
189—190°, both m. p.s undepressed by admixture with authentic materials. 

(c) Equimolecular proportions of bromine and N1-phenyldiguanide in nitrobenzene at 20° gave 
N1-p-bromophenyldiguanide, isolated as the hydrochloride, in small yield. 

Bromination of N1-Phenyl-N°-isopropyldiguanide.—The diguanide hydrochloride (2-56 g.) was allowed 
to react with bromine (1-6 g.) in sulphuric acid asin (b) above. N1!-p-Bromophenyl-N*-isopropyldiguanide 
hydrochloride (2-5 g.) was isolated as minute rods (from ethanol-ethyl acetate), m. p. 246° alone or 
mixed with an authentic specimen (Part XXVIII, Joc. cit.). 

Bromination of N'-Methyl-N*-phenyl-N'-isopropyldiguanide.—The base prepared from the diguanide 
hydrochloride (1-35 g.) was treated in acetic acid (9 c.c.) with bromine (0-8 g.). N1-p-Bromophenyl- 

’-methyl-N*-:sopropyldiguanide peppy was isolated as needles (from water), m. p. 251° alone or 
mixed with an authentic specimen (Part X XXIII, loc. cit.). 
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Iodination of N'-Phenyldiguanide.—N'-Phenyldiguanide (1-77 g.), iodine chloride (1-62 g.), and 
acetic acid (20 c.c.) were heated on the steam-bath for 6 hours. The mixture was cooled, and the solid 
filtered off, washed with acetic acid and then acetone, and dried (1-25 g.). Crystallisation from water 
gave colourless rods of N By ners oy Hae Tags hydrochloride, m. p. 234°, undepressed on admixture 
with an authentic specimen (Part IV, /oc. cit.). 

All attempts to bring the diguanide into reaction with elementary iodine failed. 

Iodination of N1-Phenyl-N*-isopropyldiguanide.—The base from N-phenyl-N*-isopropyldiguanide 
hydrochloride (1-28 g.), iodine c ide (0-89 g.), and acetic acid (11-5 c.c.) were heated together at 
95—100° for 8 hours. The mixture was dilu with water (50 c.c.) and shaken with benzene to remove 
a little oil. The aqueous part was basified with 10N-sodium hydroxide, and the base extracted with 
benzene and re-extracted with 2n-hydrochloric acid. The acid solution was stirred with carbon, 
filtered, and made faintly alkaline with aqueous ammonia, and the solid formed filtered off, washed with 
water, and dried (1-3 g.). Crystallisation from water afforded N'-p-iodophenyl-N*-isopropyldiguanide 
hydrochloride as small colourless needles, m. p. 239° alone or mixed with an authentic specimen 
(Part XXVIII, Joc. cit.). 

N1-p-Iodophenyl-N*-methyl-N°-isopropyldiguanide.—(a) N'-Methyl -N*-phenyl-N1-isopropyldiguanide 
was iodinated as in the preceding nos genes N!-p-Iodophenyl-N*-methyl-N°-isopropyldiguanide hydro- 
chloride was obtained as fine colour needles (from water), m. p. 236—237° (Found: C, 36-9; H, 
4:95; N, 17-9. C,,H,,N,I,HCl requires C, 36-4; H, 4-8; N, 17-7%). 

(b) N-Methyl-N-isopropyldicyandiamide (1-15 g.; Part XXVIII, loc. cit.) was added to a mixture of 
p-iodoaniline (1-57 g.), 10N-hydrochloric acid (0-64 c.c.), and water (3 c.c.) and heated at 100° for 
90 minutes. The mixture was cooled, and the solid filtered off, washed with water and dried (2-4 g.). 
The uct crystallised from water in fine needles, m. p. 236—237° alone or mixed with material from 
(a) above. 

Chlorination of N1-m-Chlorophenyl-N‘-isopropyldiguanide (I; R= Cl, R’ = H, R” = Pr').—The 
diguanide hydrochloride (Part XXVIII, Joc. cit.) was converted into the base and allowed to react with 
chlorine in acetic acid. The crude hydrochloride isolated was crystallised several times from water, 
giving N?-3 : 4-dichlorophenyl-N‘-isopropyldiguanide hydrochloride (Il; R = R’ = Cl, R’” = R’” = H) 
as small colourless rods, m. p. 244°, undepressed on admixture with an authentic specimen (preceding 
paper). 

Bromination of N'-m-Chlorophenyl-N5-isopropyldiguanide.—The diguanide base in acetic acid gave 
with bromine a product, the hydrochloride of which had m. p. 220—222°, unaffected by further 
crystallisation. [N1-4-Bromo-3-chlorophenyl-N*-isopropyldiguanide hydrochloride (II; R = Br, R’ = 
Cl, R’’ = R’”’ = H) has m. p. 237° (preceding paper).} 

Iodination of N!-m-Chlorophenyl-N°-isopropyldiguanide.—The base from the diguanide hydrochloride 
(5-88 g.) was dissolved in acetic acid (44 c.c.) and heated with iodine chloride (3-6 g.) at 100° for 
17 hours. Isolated in the usual manner N!-3-chloro-4-iodophenyl-N*-isopropyldiguanide hydrochloride 
(II; R =I, R’ =Cl, R” = R’” = H) formed a colourless microcrystalline powder (from water), m. p. 
221—222° alone or on admixture with a sample prepared from 3-chloro-4-iodoaniline and lespeapyidh- 
cyandiamide (preceding paper) (Found: C, 31:9; H, 4-1; N, 17-45. C,,H,,N,ClI,HCI requires C, 31-7; 

, 3-9; N, 16-8%). 

Chlorination of N'-m-Bromophenyl-N‘-isopropyldiguanide (I; R= Br, R’ =H, R” = Pr').— 
Reaction between chlorine and this diguanide or its hydrochloride (Part XXVIII, Joc. cit.) gave a mixture 
of hydrochlorides which, crystallised from water, had m. p. 230°. Three further isations rai 
the m. p. to 231°. A mixture with N!-3-bromo-4-chlorophenyl-N‘-isopropyldiguanide hydrochloride 
(II; R = Cl, R’ = Br, R” = R’” = H) (preceding paper, m. p. 239°) had m. p. 231—232°. 

Bromination of N1-m-Bromophenyl-N°-isopropyldiguanide.—The crude bromination product gave 
colourless prisms of a hydrochloride (from water), m. p. 228—229°. Further crystallisation raised the 
m. p. to 230—231°. A mixture with N1-3 : 4-dibromophenyl-N*-isopropyldiguanide hydrochloride 
(II; R = R’ = Br, R” = R’” = H; preceding paper, m. p. 240°) had m. p. 232-—233°. 

Iodination of N!-m-Bromophenyl-N°-isopropyldiguanide.—The ——— did not react completely 
with iodine chloride in acetic acid at 95—100° during 46 hours. hydrochloride of the reaction 
product contained a much higher proportion of carbon and nitrogen than was required for the 
corresponding bromo-iodo-compound. 

N!-4-Bromo-3 : ag erate Fer nc A ee a AE N}-3 : 5-Dichlorophenyl-N*-isopropyldi- 
guanide hydrochloride (preceding paper; 6-49 g.) in acetic acid (40 c.c.) was heated at 60° for 5 hours with 
bromine (3-36 g.) in acetic acid (15 c.c.). The mixture was set aside for 16 hours at room temperature, 
then diluted with water (150 c.c.), and poured into an excess of 10N-sodium hydroxide. The precipitate 
was filtered off, drained, and dissolved in 3n-hydrochloric acid (75 c.c.). Suspended material was 
filtered off and ammonia was added slowly to the filtrate. When the solution was only faintly acid to 
Congo-red, carbon was added and the mixture was stirred and then filtered. The filtrate was then made 
faintly alkaline to brilliant-yellow by the further addition of ammonia. The crystalline solid which 
separated was collected, washed with water, and crystallised from aqueous ethanol. Repeated 
crystallisation from water gave small, colourless plates of N*-4-bromo-3 : ery ROP 
diguanide hydrochloride, m. p. 244—245° (Found: C, 32-25; H, 3:75; N, 17-2. C,,H,,N,Cl,Br,HCl 
requires C, 32-7; H, 3-7; N, 17-35%). 


(6) 4-Bromo-3 : 5-dichloroaniline (1-2 g.) me by bromination of 3 : 5-dichloroacetanilide and 
id; c u 


hydrolysis of the product by 5n-hydrochloric ac rtley, loc. cit.) was converted into the hydro- 
chloride and treated with isopropyldicyandiamide (0-66 g.) in water (7 c.c.) in the usual manner. The 
N}-4-bromo-3 : 5-dichlorophenyl-N*-isopropyldiguanide hydrochloride crystallised from water in minute 
colourless plates, m. p. 244—246° alone and mixed with material from (a). 
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5-A mino-2-chloroanisole.—The crude base was —— by the method described by Reverdin and 
Eckhard (loc. cit.) and was converted into the hydrochloride by dissolution in ethanol followed by the 
addition of ethanolic hydrogen chloride. Precipitation was completed by the addition of ethyl acetate. 
The product was filtered off and washed with a mixture of ethanol and ethyl acetate. Crystallisation 
from a similar mixture gave the product as colourless = m. p. 265—266° (Found: C, 43-6; H, 4-5; 

N, 7-5. C,;H,ONC1,HCI requires C, 43-3; H, 4-6; N, 7-2%). 


N1-4-Chloro-3-methoxyphenyl-N®-isopropyldiguanide (II; R=Cl, R’ = OMe, R” = R’”’ = H).— 
(a) The above amine hydrochloride reacted in the usual manner with isopropyldicyandiamide in 2-ethoxy- 
ethanol and gave N!-4-chloro-3-methoxyphenyl-N°-isopropyldiguanide hydroc ide as colourless, feathe 
needles (from water), m. Pp 234—-235° (Found: C, 45-45; H, 5-75; N, 22-15. C,H, ,ON,CLHCI 
requires C, 45-0; H, 5-9; N, 21-9%). 

(6) Concentrated sulphuric acid (100 g.) was added dropwise at 15—20° to a stirred suspension of 
2-amino-5-nitroanisole (84 g.) in ethanol (570 c.c.). The mixture thickened and ethanol (100 c.c.) was 
added. Sodium nitrite (38 g.) was added gradually during 1} hours at 20° with stirring. The 
temperature was raised to 45—50° and stirring at that temperature was continued for 2 hours. The 
mixture was steam-distilled, the first runnings of ethanol being discarded. m-Nitroanisole distilled 
over as a yellow oil which solidified on cooling and, filtered off, washed with water, and dried (47-6 g.), 
had m. p. 34°. G.P. 98637 (‘‘ Friedlander,”’ V, 67) records the preparation of m-nitroanisole from 2-amino- 
5-nitroanisole but gives no details. Baultin (Ber., 1878, 11, 2100) gives m. p. 38°. The m-nitroanisole 
was reduced by stannous chloride and hydrochloric acid in the presence of ethanol to m-anisidine, b. p. 

122°/13 mm. (yield. 75%). The hydrochloride crystallised from ethanol-ethyl acetate in colourless 
needles, m. p. 167—168° (Found: N, 9-05. C,H,ON,HCI requires N, 8-8%). Condensation of 
m-anisidine hydrochloride with isopropyidicyandiamide in 2-ethoxyethanol gave °Nt-m- -methoxyphenyl- 
N°-isopropyldiguanide hydrochloride (1; R = OMe, R’ = Pr!, R’” = H) as colourless needles, m. p. 212— 
213°, from ethanol-ethyl acetate (Found : y3 50- 3: H, 7-0; N, 2415. C,,H,,ON,,HCI requires C, 
50-45; H, 7-0; N, 245%). N1-m-Methoxyphenyl- Ns. -isopropyldiguanide hydrochloride (2-85 g.) was 
dissolved in glacial acetic ‘acid (50 c.c.) and gaseous chlorine (0-71 g.) was passed into the solution during 
15 minutes at 10—-15°. The mixture was set aside at room temperature for 4 hours and was then poured 
into a cooled mixture ‘of 10N-sodium hydroxide (80 c.c.) and water (100 c.c.). A gum was precipitated 
which solidified when kept and was filtered off, washed with water, and drained. The filter cake was 
dissolved in 2N-hydrochloric acid (20 c.c.), the whole was filtered, and the filtrate was made faintly 
alkaline to brilliant-yellow with ammonia. The precipitated solid was filtered off, washed with water, 
and dried (2-8 g.). Two recrystallisations from water gave N1-4-chloro-3-methoxyphenyl-N°*-tsopropyl- 
diguanide hydrochloride, m. p. 232—-233° undepressed by material from (a) above. 


N!-4-Chloro-3-methylphenyl-N*-isopropyldiguanide (II; R=Cl, R’=Me, R” = R’”’ = H).— 
(a) N1-4-Chloro-3-methylphenyl-N°-isopropyldiguanide hydrochloride, obtained from 4-chloro- -3-methyl- 
aniline hydrochloride and isopropyldicyandiamide (we are indebted to Mr. S. Birtwell for this preparation) 
was converted into the base which crystallised from a mixture of benzene and light petroleum (b. p. 80— 
100°) in very fine, colourless rods, m. p. 137° (Found: C, 53-6; H, 6-7; N, 26-2. C,,H,,N,Cl requires 
C, 53-6; H, 6-7; N, 26-3%). 

(b) N1-isoPropyl-N*-m-tolyldiguanide hydrochloride (Part XXVIII, loc. cit.; 10 g.) was dissolved in 
acetic acid, and chlorine (2-79 g.) was passed in at 10° during 15 minutes. The solution was kept at 
room temperature for 2 hours and then was poured into 10N-sodium hydroxide (150 c.c.) in water (1 1.). 
The gummy precipitate formed solidified on storage, was filtered off, washed with water, and dried. 
Crystallisation from benzene-light petroleum (b. p. 80—100°) gave material of m. p. 118—126°, raised 
by two further recrystallisations from light petroleum (b. p. 80—100°) to 133—134°, undepressed on 
admixture wth material from (a) above. 


N-Phenylguanyl-N’-isopropylthiourea (III; R = H).—Phenylguanidine (27-7 g.) (Smith, J. Amer. 
Chem. Soc., 1929, §1, 476) and isopropyl! isothiocyanate (20-7 g.) were warmed together gently on the 
steam-bath. After a few minutes a vigorous reaction started and was controlled by external cooling. 
When the reaction had subsided the mixture was heated on the steam-bath for 4 hours. Excess of 
isopropyl isothiocyanate was removed by steam-distillation. The residual oil hardened to a glass on 
cooling, was separated by decantation, and allowed to dry in air at 20°. The glass was dissolved in ethyl 
acetate (200 c.c.), filtered from a little suspended matter, and made acid to Congo-red with ethanolic 
hydrogen chloride. Light petroleum (b. p. 80—100°) was added to precipitate an oil which crystallised 
on storage. The product was filtered off, washed with ethyl acetate, and dried at 60° (17-0 g.). 
Recrystallisation from a mixture of ethanol and ethyl acetate did not affect the m. p. and gave colourless 
ee of N-phenylguanyl-N’-isopropylthiourea hydrochloride, m. p. 176—177° (Found: C, 48-6; H, 6-4; 

, 20-75. C,,H,.N,S,HCl requires C, 48-4; H, 6-2; N, 20-55%) 

N'*-Methyl-N'-phenyl-N*-isopropyldiguanide (Il; R = R’ = R” = H, R’” = Me).—N-Phenylguanyl- 
N’-isopropylthiourea (7-0 g.), methylamine (21% aqueous solution; 80 c.c.), mercuric oxide (20 g.), and 
ethanol (200 c.c.) were stirred together at 40—50° for 16 hours. The mixture was filtered and the 
filtrates were distilled toa small bulk. The residue was dissolved in 2nN-hydrochloric acid and then made 
faintly alkaline to brilliant-yellow with ammonia. Addition of brine precipitated the hydrochloride as 
a gum which rapidly solidified. The product was filtered off, washed with brine, and dried. 
Crystallisation from ethanol-ethyl acetate gave N‘-methyl-N'-phenyl-N°-isopropyldiguanide hydrochloride 
as small, elongated prisms, m. p. 198° (Found: C, 53-9; H, 7-5; N, 25-9, 20-0. C,,H,N,,HCl requires 
C, 53-4; H, 7-4; N, 26-0%). 

Chlorination of N*-Methyl-N'-phenyl-N*-isopropyldiguanide.—N*-Methyl-N1-phenyl-N°-isopropyldi- 
guanide hydrochloride (2-1 g.) was dissolved in glacial acetic acid (15 c.c.), and gaseous chlorine (0-557 g.) 
was passed in during 15 minutes at 10°. The solution was kept at 10—20° for 2 hours and was then 
poured into a mixture of 10N-sodium hydroxide (40 c.c.) and water (80 c.c.) with cooling. The base was 
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precipitated as a gum which refused to crystallise. It was separated by decantation, washed with water, 
dissolved in 2N-hydrochloric acid, and made faintly alkaline to brilliant-yellow with ammonia. Addition 
of brine caused the precipitation of the crude hydrochloride as a gum which was separated from the 
liquors, dissolved in ethanol, filtered from sodium chloride, and evaporated to dryness. The semisolid 
residue crystallised on treatment with ethyl acetate. Crystallisation first from a mixture of ethanol and 
ethyl acetate and then from water gave colourless rods of N1-p-chlorophenyl-N*-methyl-N*-isopropyl- 
diguanide hydrochloride, m. p. 207° alone or on admixture with an authentic specimen (Found: C, 
47-45; H, 6-1; N, 22-6. Calc. for C,,H,,N,Cl,HCl: C, 47-4; H, 6-25; N, 23-0%). See Part XXX 
(loc. cit.). 

N-m-Chlorophenyl-N’-isopropylguanylthiourea (IV; R = H).—Sodium (5-9 g.) was dissolved in dry 
acetone (200 c.c.) at 20°, finely ground isopropylguanidine sulphate (44-5 g.) was added and the mixture 
was stirred at 20° for 2 hours. A solution of m-chloropheny] isothiocyanate (33-5 g.) (Dyson, George, 
and Hunter, J., 1926, 3041) in dry acetone (100 c.c.) was added, with stirring at 10° during 40 minutes. 
The mixture was stirred at 10° for a further 30 minutes, then at 30° for 30 m<nutes, and poured into water 
(11). The oil formed was extracted with benzene (3 x 150 c.c.), washed with water, dried (Na,SO,), 
and filtered and light petroleum (b. p. 60—80°) was added until a faint opalescence appeared. Seeding 
with a small test portion, which had crystallised, induced the product to crystallise. The solid, when 
filtered off, washed with benzene-light petroleum (b. p. 60—80°), and dried at 50° (12-8 g.), had m. p. 
120—122°. A further crvstallisation from benzene gave N-m-chlorophenyl-N’-isopropylguanylthiourea, 
m. p. 121—122° (Found: C, 48-8; H, 5-45; N, 20-8. C,,H,,;N,CIS requires C, 48-8; H, 5-55; N, 
20-7%). 

N!-m-Chlorophenyl-N*-methyl-N‘-isopropyldiguanide (Il; R= R” = R’’ =H, R’ = Cl).—N-m- 
Chlorophenyl-N’-isopropylguanylthiourea (11-0 g.), mercuric oxide (20 g.), methylamine (20% aqueous 
solution; 120 c.c.), and ethanol (250 c.c.) were stirred together at 20° for 16 hours. Reaction was not 
then complete and more mercuric oxide (10 g.) was therefore added and stirring at 40—45° was continued 
for 5 hours. The mixture was filtered and washed with methanol, and the filtrates and washings were 
distilled together to a bulk of 100c.c. A colourless oil separated. The mixture was cooled, made acid to 
Congo-red with 10N-hydrochloric acid, filtered from a little suspended matter, and neutralised (brilliant- 
yellow) with ammonia. The solution was distilled under reduced pressure to a small bulk and cooled. 
Addition of brine completed the precipitation of a gum which slowly crystallised. The solid was filtered 
off, washed with a little water, and dried. The product was dissolved in ethanol, evaporated to dryness, 
and triturated with ethyl acetate. The crystals thus obtained gave N'-m-chlorophenyl-N*-methyl-N5- 
ee hydrochloride after crystallisation from ethanol-ethy] acetate as needles, m. p- 137— 
138° (Found : C, 47-7; H, 6-3; N, 23-05. C,,H,,N,Cl,HCl requires C, 47-4; H, 6-25; N, 23-0%) 


N-3 : 4-Dichlorophenyl-N’-isopropylguanylthiourea (IV; R = Cl).—3:4-Dichlorophenyl isothio- 
cyanate (51-55 g.) (Dyson, George, and Hunter, loc. cit.) was allowed to react with isopropylguanidine 
Soom sulphate (57-0 g.)], as for the corresponding m-chlorophenyl derivative. The crude product, 
crystallised from benzene—light petroleum (b. p. 60—80°), had m. p. 120—122° (10-7 g.). Further 
crystallisation from benzene gave N-3 : 4-dichlorophenyl-N’-isopropylguanylthiourea as almost colourless 
rods, m. p. 124—125° (Found: C, 43-55; H, 475; N, 18-4. C,,H,,N,CI,S requires C, 43-3; H, 4-6; 
N, 18-4%). 

N?-3 : 4-Dichlorophenyl-N*-methyl-N‘-isopropyldiguanide (Il; R = R’ = Cl, R” = Me, R’” = H).— 
(a) N-3 : 4-Dichlorophenyl-N’-isopropylguanylthiourea (4 g.), mercuric oxide (8-5 g.), methylamine 
(22% aqueous solution; 40c.c.), and ethanol (80 c.c.) were stirred together at 40—45° for 18 hours. The 
mixture was cooled and filtered, and the filtrates were evaporated to dryness under reduced ure. 
The residue crystallised rapidly, but resisted attempts at recrystallisation. It was therefore dissolved 
in 2n-hydrochloric acid, and ammonia was added until the mixture was almost neutral to Congo-red. 
The gum which formed was removed by filtration and the filtrate on being made faintly alkaline to 
brilliant-yellow with ammonia deposited a gum which rapidly crystallised and was filtered off, washed 
with water, and dried. Crystallisation from ethanol-ethyl acetate afforded colourless rods of N}-3 : 4- 
dichlorophenyl-N*-methyl-N*-isopropyldiguanide hydrochloride, m. p. 165—166° (Found : C, 42-2; H, 5-0; 
N, 20-45. C,,H,,N,Cl,,HCl requires C, 42-5; H, 5-3; N, 20-7%). 

(b) N*-m-Chlorophenyl-N*-methyl-N*-isopropyldiguanide hydrochloride (1-52 g.) in acetic acid 
(30 c.c.) was treated with chlorine (0-355 g.). The solution was kept at 20° for 48 hours and poured into 
10n-sodium hydroxide (50 c.c.) in water (100 c.c.) at 0—5°. The precipitated _ slowly solidified and 
was filtered off, washed with water, and dissolved in N-hydrochloric acid. he solution was filtered 
from suspended matter and made alkaline to brilliant-yellow with ammonia. The gum thus formed was 
separated by decantation, dissolved in methanol, and evaporated to dryness on the steam-bath. 
Repetition of this drying process gave a glass which crystallised on treatment with ethyl acetate. 
Recrystallisation from ethanol-ethyl acetate gave rods of N!-3 : 4-dichlorophenyl-N*-methyl-N°-iso- 
propyldiguanide hydrochloride, m. p. 165—166° alone or on admixture with material from (a) above. 


IMPERIAL CHEMICAL INDUSTRIES LIMITED, RESEARCH LABORATORIES, 
HExaGon House, MANCHESTER, 9. (Received, February 20th, 1951.} 
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389. The Dissociation Constants of the Cupric Salts of Some 
Monocarboxylic Acids. 


By (Miss) M. Lioyp, V. WycHERLEy, and C. B. Monk. 


The solubilities of cupric iodate in solutions of the sodium salts of seventeen 
monocarboxylic acids of the aliphatic and substituted aliphatic series have 
been used to calculate the dissociation constants of the equilibria Cu** + 
R~ == CuR*, where R~ represents the carboxylate anions. In general, 
the extent to which the polarities of substituent groups affect the dissociation 
constants of the acids is reflected in the values obtained for the dissociation 
constants of the copper salts. Glycollate and lactate are outstanding 
exceptions in that strong chelation occurs between their hydroxyl groups 
and cupric ions, 


THERE is considerable information available concerning the extent to which complex formation 
takes place between metallic cations and dicarboxylate anions. Some of these results have 
been obtained from series designed to examine the effects of substitution or of increasing the 
chain lengths between the carboxyl groups. As instances of this, the results of Cannan and 
Kibrick (J. Amer. Chem. Soc., 1938, 60, 2314) and Topp and Davies (J., 1940, 87) show that with 
the cations zinc, magnesium, calcium, strontium, and barium there is an increase in the dissoci- 
ation constants of the complexes formed by a particular cation on passing along the series oxalate 
to adipate. This has been shown to be true also with some other cations with the oxalates and 
malonates (Money and Davies, Trans. Faraday Soc., 1932, 28, 609; Stock and Davies, J., 1949, 
1371). The replacement of hydrogen by other groups in the chain of a particular anion is a 
further variant which has been pursued, and again general trends are noticeable. For example, 
the data of Cannan and Kibrick (loc. cit.), and of Topp and Davies (loc. cit.) for the series succinic, 
malic, and p-tartaric, show the result of introducing hydroxy] groups, while the results of Riley 
(J., 1930, 1642) and of Ives'and Riley (J., 1931, 2006) indicate that alkyl substitution influences 
the dissociation constants of copper and zinc malonates. 

With the monocarboxylates, the results available (e.g., Cannan and Kibrick, Joc. cit.; Topp 
and Davies, loc. cit.; Davies, J., 1938, 277; Davies and Waind, J., 1950, 301) indicate effects 
similar to those found with the dicarboxylates, but most of these results have been confined to 
zinc and the alkaline-earth metals. As extension to these, some results are given here for the 
cupric ion. These were obtained by passing solutions of sodium salts of the acids through 
saturators containing cupric iodate. The solutions were kept at a pH of about 4 by having an 
excess of the acid present. This precaution was necessary to avoid hydrolysis effects and the 
formation of basic salts. 


EXPERIMENTAL. 


Cupric iodate crystals were formed by allowing strong solutions of cupric sulphate and potassium 
iodate to drip slowly into nearly boiling water. The product was ground and the “ fines ’’ washed out. 
If the salt is precipitated in cold water, very fine crystals of high solubility are produced. The crystals 
were packed in saturators of the type described by Money and Davies (/., 1934, 400), and the iodate 
concentrations of the saturated solutions (obtained at 25° + 0-03°) were determined volumetrically by 
—_ sodium thiosulphate standardised by potassium fodata” Most of the acids used were of AnalaR or 

baum quality. With those containing halogens, blank titrations were made; these, in general, 
showed that negligible corrections were necessary. A glass electrode was used to measure the pH of 
the saturated solutions. 


Whilst in most cases the solubility in water was 3-33 x 10 M., there were a few instances, especially 
when a fresh batch of crystals was used, when slight variations from this were found. The solubility i in 
water was therefore determined for each series. 

If the reasonable assumption is made that Cu(IO,)* has a dissociation constant of 0-15 (by analogy 
with similar iodates, Davies, J., 1930, 2410; 1938, 371)—a factor which cannot introduce much error 
since the amount involved isso small—the ‘solubility expression is, for the solubility in water quoted 
above, 


log [Cu**][I0,-]* — 3F(J) = 8-8790 
where F(D = log [7#/(1 + 14) — 0-27) 


J is the ionic strength, and the activity expression is that proposed by Davies (J., 1938, 2093). Where 
the solubility in water differed from this, the above expression was accordingly modified. From the 
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ee Senne Cgeeeen SONS Pe Fh er ee oe Then from 
relations 


[CuR*] = Solubility — [Cu*+] — [Cu(IO,)*) 
(R-] = 2(Cut*] + [(Cu(IO,)*} + [Nat] + (H*) — [10,-} 


where R~ refers to the organic anion, the concentrations of R~ and CuR* are obtained. The true 
figures were derived by approximation until they became constant. Allowance was made for sodium 
iodate formation (Macdougall and Davies, J., 1935, 1416). The dissociation constants were calculated 
from 


log K = log [(Cu**)[R~}/(CuR*] — 2F(/) 


The essential data are recorded in Table I where the concentrations are given in mmols. or mg.-ions per 
1., and the solubility in the salt solutions is listed in the column marked S. The first column contains the 
concentrations of acid HR, and the second column contains the sodium hydroxide concentrations used in 
making the solvent solutions. Because the agen | of cupric n-hexanoate proved to be rather small, 


only dilute solutions of the solvent mixture were in this case. 


and 


Taste I. 
Solubility Data (concentrations x 10*). 
S(H,O). Ss. pH. (Cu**]. (CuR*}. [R-}. 
(1) 


NaOH. 


12-37 
24-42 
31-65 


3-33 


3-7 
40 
41 


amos! 


wo 
~~ 


a = wen 


( 
4 
4 
4 

( 
4 
4 
4 
( 
4 


7 
i 


7 
i 


2-49 
2-33 


2-04 3-21 


= Trimethylacetate. 


2-42 
2-06 
1-91 


1-75 
2-84 
3-40 

= n-Hexanoate. 
2-67 1-23 
2-59 1-46 
= Chloroacetate. 
2-88 1-79 
2-64 

2-53 
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TaBLe I—continued. 

HR. NaOH. S(H,0). . pH. ([Cu**}. [(CuR*]. 
(11) R~ = Bromoacetate. 

64-75 , 5-0 P 2-87 2-12 

69-58 , , 2-68 2-77 

89-74 5-99 2-57 3°35 
(12) R~- = Phenylacetate. 

2-68 1-30 

2-58 1-57 

2-41 2-11 


(13) R- = Glycollate. 


4 
6 
6 
(14) R- = Lactate. 
4 
3 
0 


(15) R- = Trichlorolactate. 
3-7 3-01 0-84 24- 
3-9 2-86 1-48 24- 23- 
4-2 2-95 1-42 ° 
(16) R- = a-Bromobutyrate. 
3-9 3-14 0-84 
3-7 3-09 1-04 


(17) R- = B-lodopropionate. 
4-2 2-37 2-50 . 2-3 
41 2-26 2-93 2-5 
4-2 215 3-44 . 


Discussion. 


In the figure comparative plots are drawn of the dissociation constants of the acids, the copper 
salts, and a few figures which are available for some other cations. The general parallel nature 
of these is striking evidence that the same influences operate in governing the dissociation con- 
stants of both acids and salts. The main exception to this is where the anion contains a hydroxyl 
group, when the metallic cations become bound by chelation forces. This has been illustrated 
previously with calcium (Davies, J., 1938, 277). With the exception of the hydroxy-acids, the 
general trends in the dissociation constants of the acids and salts may be interpreted in terms of 
the electron-displacement abilities of the various substituents; these effects have been inter- 
preted in detail by Ingold and others (e.g., Chem. Reviews, 1934, 15, 225) under the general title 
of inductive effect. The influence of substituents on the dissociation constants of the acids is 
related to their electron-attracting capacities which, for the examples with which we wish to 
draw comparison, are in the order Halogens > OH > H > alkyl (Dippy, Chem. Reviews, 1939, 
25, 351), i.e., this is the order of decreasing values of the dissociation constants. Comparison of 
the data for the acids with those of the copper salts (Table II) shows that this order is maintained 
by the latter except when, with a hydroxyl group, chelation forces are operative. 

With the series formate to hexanoate, the order of the dissociation constants of the acids and 
of the salts is not identical. Thus the values of the normal acids tend to become smaller as the 
alkyl group increases in length although n-butyric acid shows marked departure from this 
generalisation, having a larger value than its neighbours. With these acids, therefore, the 
electron-repulsion capacity of the alkyl group tends to increase as the chain length grows. The 
copper salts of the normal acids, on the other hand, although showing an analogous decrease in 
their dissociation constants on passage from formate to acetate, thereafter show a steady rise. 

The apparent anomaly in the dissociation constant of n-butyric acid is considered by Jenkins 
and Dippy (J. Amer. Chem. Soc., 1940, 62, 483) to be mainly related to C-CH, and C-O dipole 
interaction resulting from restricted rotation favouring a ‘‘ cis ’’-configuration; Dippy (loc. cit.) 
suggests that the acids beyond n-butyric acid are also involved, to some extent, in a similar 
chelation process. It therefore appears that this factor which tends to discourage the combin- 
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TaBLe Ii. 
Dissociation constants of acids and copper salts. 


Acid, x 105. Copper salt, x 10*. Acid, x 10°. Copper salt, x 10°. 
17-1¢ 10-5 Chloroacetate ... 138° 24-5 
1-75¢ 5-7 Bromoacetate ... 138° 25-5 
Propionate 1-34° P Phenylacetate ... 4 10- “6 
n-Butyrate 151° ‘ —— 
isoButyrate 1-38° , Lacta 
1-38¢ “ Trichlorolactate 
isoValerate 1-67 * . a-Bromobutyrate 106° 
Trimethylacetate 0-89 ¢ ° B-lodopropionate 9° 12- 2 
* Dippy, Joc. cit. * Landolt-—Bornstein’s “‘ Tabellen,”” Main vol., p. 1123. * Nims, J. Amer. Chem. 
Soc., 1936, 58, 987. ¢ Nims and Smith, J. Biol. Chem., 1936, 118, 145. 


ation of the anions with H* ions shows up more markedly when Cu** ions are substituted for 
the latter. To some extent the especially noticeable effect in the case of n-butyric acid, which 
has a larger dissociation constant than n-valeric acid, is reflected by the values for the copper 
salts, since the n-butyrate constant is nearly as large as that of the »-valerate. 








a See a eT 
) 5 40 
Number of anion (see Table !) 
©, Acids; Landolt-Bornstein’s ‘‘ Tabellen,’’ Main vol., ft 1123; Dippy, loc. cit. ©, C 
h 


+, Zinc; x, Calcium; A, Barium; Cannan and Kibrick, loc. cit. (corrected for ionic weaghe : 
Davies and Wyatt, Trans. Faraday Soc., 1949, 45, 770. 








0 
ts 


With the substitution of methyl groups at the a-carbon atom, as exemplified by the acids 
acetic, propionic, isobutyric, and trimethylacetic acids, the electron-repulsion forces tend to be 
accumulative so that there is a fall in the dissociation constants. With the copper salts this 
effect is not so marked although the trimethylacetate certainly shows stronger association than 
the iscbutyrate, and the dissociation constants of both of these are smaller than those of the 
corresponding normal salts. That there are not exact similarities between the acids and the 
copper salts is undoubtedly due to the larger size and different charge of the Cu** ion. 


Tue Epwarp Davies CHEMICAL LABORATORIES, 
UNIVERSITY COLLEGE OF WALES, ABERYSTWYTH. (Received, February 20th, 1951.) 
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390. The Electric Dipole Moment and Stereochemistry of 
2 : 5-Dibromo-| : 4-di-tert.-butylbenzene. 
By Heimer Korop, Lovray Kumar, and L. E. Sutton. 


2 : 5-Dibromo-] : 4-di-tert.-butylbenzene was suggested by Everard and 
Sutton (J., 1949, 2312) as a test compound for a hypothesis involving out-of- 
plane deflection of bulky neighbouring substituent groups on an aromatic ring 
system. It has been synthesized : its electric dipole moment was found to be 
less than 0-4 p. and possibly equal to zero. The relation of this result to the 
hypothesis is discussed. 


In order to explain the abnormally high electric dipole moment of 4: 8-dichloro-1 : 5-di- 
methoxynaphthalene, which exceeds that of 1 : 5-dimethoxynaphthalene by ca. 0-3 p., Everard 
and Sutton (J., 1949, 2312) suggested that out-of-plane deflection of the bulky neighbouring 
groups gives rise to structures of which some are non-centrosymmetrical and hence possess a 
permanent dipole moment. The hypothesis is illustrated in Fig. 1 for the case of 2 : 5-dibromo- 
1 : 4-di-tert.-butylbenzene, which was suggested as a test compound by the above authors. 


Fic. 1. Fic. 3. 
Scale diagram of 2 : 5-dibromo-1 : 4-di-tert.-butylbenzene. o-Dichlorobenzene. 


Fic. 2. 
Bu (+) Bu (—) 
(0)H7Z Br (—) (0)H7 Br (+) 


| } 
(-) BA HO) (+) B WY H(0) 
u (+) - 
(I.) Polar. , (III.) Non-polar. 


(+) indicates “ above ring plane”; (—) indicates “ below ring plane.” 


Fig. 1 shows the degree of steric interference between a bromine atom and a #ert.-butyl group 
in the position of maximum steric interference. The envelope of the #ert.-butyl group is easily 
visualized by simultaneous rotation of the hydrogen contour round both the o-bonds 1 and 2 as 
axes. The van der Waals radii (H, 1-2 a.; Br, 2-0 a.) and the interatomic distances are those 
given by Pauling (‘‘ Nature of the Chemical Bond,” Cornell U.P., 1945). If these dimensions are 
applicable, and the free rotation about these o-bonds is maintained, then the steric interference 
in the molecule is very considerable. The compression cannot be completely relieved by 
deflection in the plane of the ring, involving widening of the valency angle, because of the 
presence of 3 : 6-hydrogen atoms, but only by some deflection of bonds out-of-plane. This is in 
principle illustrated in Fig. 2. Both the structure (I) and the structure (II), which is the mirror 
image of (I), lack centrosymmetry and because the moments produced by substitution of the éert.- 


+> 
butyl group and the bromine atom into benzene are in opposite directions (But — Ph, Ph — Br), 
have a non-zero dipole moment, whereas (III) is centrosymmetrical and has zero moment. 
Provided that the substance is not wholly of structure III it should have a non-zero average 
moment. 

If free rotation and van der Waals radii be assumed, as above, then it is found from models 
that a deflection angle of 30° will reduce the van der Waals overlap between the éert.-butyl 
envelope and the bromine to ca. 0-5 a.; and this would correspond to an observed moment of 
0-7p. This angle is defined as that between any deflected bond and the ring plane, the 
deflection being supposed to take place at right angles to the ring plane. 
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The situation of minimum overlap in the molecule is realized when the free rotation round at 
least the axis 2 (Fig. 1) is stopped and the bromine atom is trapped in between two methyl 
groups of the ¢ert.-butyl group. A model shows the radial overlap of the bromine in this instance 
to be about 0-5 a. with each of the two interfering hydrogen atoms, one from each of the two 
methyl groups. The permanent deformation of the molecule in this instance should be small 
and almost certainly symmetrical. The expected dipole moment would be zero. 

It was hoped that the electric dipole moment actually measured for the test compound could 
throw some light on the steric situation in this molecule, and in the naphthalene derivatives. 

2 : 5-Dibromo-] : 4-di-tert.-butylbenzene has been prepared in a pure state and its electric 
dipole moment measured in benzene solution at 25°. The moment was found to be 
indistinguishable from zero. The apparent orientation polarisation calculated in the 
conventional manner as the difference between the total polarisation at radio-frequency and the 
molecular refraction for the sodium D line is 2-7 + 0-6 cm.*. The significance of this value is 
uncertain, because the correction for the atom polarisation made by thus taking the refractivity 
for the sodium D line instead of for infinite wave-length is only a partial and purely empirical 
one. A better correction may possibly be made from the total polarisations of the parent 
compounds p-di-tert.-butylbenzene, p-dibromobenzene, and benzene. If we assume that these 
compounds are non-polar (this has been directly demonstrated for benzene from the temperature 
invariance of the total polarisation) then the total polarisations are made up only of the electron 
and atom polarisations. By assuming further, as is commonly done, that the electron 
polarisations are additive (this is true for this series within about 0-7 cm.*; see below) and that 
the atom polarisation is so too (see below), the total polarisations of the parent compounds 
a, b, and c (Table I) can be used to predict the stim of the electron and atom polarisations for 
the test compound d from the relation Pzj = P, + P,—P,. This gives 80-5 +40-9. The 


TasLe I, 
Polarisations and molar refractions at 25°. 


a. p-Di-tert.-butylbenzene .. | . ° " 0: 
b. p-Dibromobenzene ... ene 0- 


c. Benzene .... son : ° 
d. 2: 5-Dibromo-l : 4-tert. ‘butylbenzene . tiie y 3 7 1. 


Pat Py — Pe «n+. - } S . 74-9 + 1-0 
Other values : } 43- 8 at 20° (Tiganik, Zz. “physikal. Chem., Sar) ; 40-4 + 2at 20° (Walden 
a ibid., 1929, B, 2,10). * 42-4at 20° (Tiganik, s at 20° (Walden and Werner, 
observed total polarisation is 81-9 + 0-5, so the orientation polarisation cannot be more than 
1-4 + 14 cm, The moment, therefore, cannot be greater than 0-4D., corresponding to 
oP = 2-8 cm.*, and is possibly zero. It will be noticed that the values for [R], and [R),, 
obtained by the additivity rule (bottom line of Table I) are somewhat smaller than the observed 
ones, suggesting that the additive value for ,P may be lower than the true sum of the electron 
and atom polarisations. This would mean that the value oP is about 0—0-7 cm.*, so the 
moment is between 0 and 0-28 p. These we believe to be the most probable limits. 

The values recorded in Table I for the compounds a, b, and d are based on our own 
measurements, exactly the same experimental technique having been applied to all three. For 
benzene the values have been calculated from standard absolute values of dielectric constant 
2-2727 (Hartshorn and Oliver, Proc. Roy. Soc., 1929, A, 128, 664), specific volume 1-14515, and 
refractive index nf 1-49800 (Egloft: ‘‘ Physical Constants of Hydrocarbons,” Vol. 3, p. 26, 
New York, 1946). 

The assumption that atom polarizations are additive needs discussion. The atom polarization 
or vibration polarization is due to displacements of the atomic nuclei in the molecule, caused by 
the alternating field applied during the measurements of dielectric constant (cf. Sutton, Ann. 
Reports, 1940, 87, 57). The resulting periodic distortion may be described as composed of 
stretching and relative bending of the individual bonds. so the atom polarization includes bond 
terms and inter-bond terms. Whereas the former are probably additive, the latter may be 
less perfectly so, because the bending force constants may not be independent of the 
configuration. It would, however, be reasonable, at least from mechanical analogies, to suppose 
the freedom of bending vibrations to be less in 2 : 5-di-bromo-1 : 4-di-tert.-butylbenzene than in 
either of the parent compounds. If this be true, then the atom polarization, obtained 
arithmetically from the polarizations of the parent compounds, will provide a maximum value. 

The vanishingly small moment of the substance does not necessarily disprove the out-of- 
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plane deflection hypothesis, which in any case is supported by other evidence. Thus, Bastiansen 
and Hassel (Acta Chem. Scand., 1947, 1, 489), by electron-diffraction examination of o-dichloro- 
benzene, found a deflection angle of 18° between the ring plane and one C-Cl bond, the two 
C-Cl bonds being bent orthogonally to the ring plane and to opposite sides. The same angle 
was found for o-dibromobenzene, although the van der Waals radius of bromine is slightly 
larger (2-0 A. against 1-8a.). In both compounds, the steric interference is much less than the 
maximum in dibromodi-tert.-butylbenzene (compare Figs. 1 and 3) if there be free rotation of the 
butyl groups therein. On these grounds, therefore, we should expect a permanent deflection 
to occur in the latter compound also, if there is free rotation and if the effective size of groups 
is at all related to their conventional van der Waals radii. We should thus be led to the 
conclusion that the centrosymmetric structure (III) (Fig. 2) is favoured much more than the 
polar ones (I) or (II). 

If, however, we suppose that the rotation of the butyl group is stopped, as it could be by a 
potential barrier of only ca. 600 cals./mole, then there would be minimum overlap, and the 
steric interference would be only of the same order as that in o-dichlorobenzene (ca. 0-5 A. 
overlap). Since the bromine atom will overlap with methyl groups on both sides of the benzene 
ring plane, the o-bonds attaching the groups to the ring could remain in its plane; and even if 
they did not, the deflection might not be sufficient to give an average moment outside the limits 
which we ascribe. 

Fic. 4. 

Me (+) Me (+) Me (+) 
(-)0/ Nc (—) ~)c7c1(-) (+) C17 Ye1(—) 
(—) Me Me (—) (Amd. Jae ct) (+) MeL /Me (—) 

a4) Cl (—) Ci(—) 
Weakly polar. Very polar. Polar. 


Cl (+) Cl (+) 
fan r@: ™ =) Me) Me(— ) (+) Me/) Me (— a 
(+) Mey Me (+) (+) Me )Me (—) 

Cl(—) Cl(—) 

Very polar. fe Non-polar. Non-polar. 


(A.) k (B.) (C.) 
(+) indicates “ above ring plane’’; (—) indicates “ below ring plane.” 


We cannot claim, therefore, to have proved or disproved the original deflection hypothesis. 
We can say that if there is such deflection in dibromodi-tert.-butylbenzene then the centro- 
symmetric form (III) is predominant. This is consistent with what is known of the force- 
constant system of benzene. Ifthe scheme proposed by Bell be applicable (Trans. Faraday Soc., 
1945, 41, 293; cf. Garforth, Ingold, and Poole, J., 1948, 502) then, because of the torsional 
terms between the adjacent pairs of bonds projecting from the ring, it follows that in the two 
types of structure (I) or (II) and (III), the carbon—hydrogen bonds at the 4- and 6-positions will 
respectively stay in the ring plane and tend to be deflected as shown (Fig. 2). It should be 
noted that, since we are considering static deflections, we have no need to observe the limitations 
imposed on vibrational modes by the principle of conservation of momentum. The torsional 
distortion is therefore greater in structures (I) or (II) than in (III): so the strain energy is 
greater in the former than in the latter. 

It seem$ more probable that free rotation is stopped, and that the bromine atom fits into a 
“ pocket ” between two of the methyl groups. This supposition could be tested by examining 
4: 8-dibromo-1 : 5-dimethylnaphthalene, which we hope to do: each methyl group as a whole 
would be in the position of maximum interference; and although there are “ pockets ”’ in it, 
these are small relative to the bromine atom; so the methyl group may quite well be regarded 
as axially symmetrical. 

It is also a possible conclusion that conventional van der Waals radii are too large for the 
purpose of such discussions. The following facts, in particular, support this view. Bastiansen 
and Hassel (loc. cit.) found in hexachlorobenzene a deflection angle of 12°. Now, the van der 
Waals radii of chlorine and of methyl are comparable; so the deflection in dichlorodurene and 
trichloromesitylene should also be about 12°. In actual fact, both compounds have moments 
indistinguishable from zero (+0-25 p. and +0-1 p., respectively; Smyth and Lewis, J. Amer. 
Chem. Soc., 1940, 62, 721); and it is impossible to account for these observations if the mode of 
out-of-plane deflection were the same in both compounds. The possibilities are represented 
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in Fig. 4: it will be seen that no one mode makes both compounds non-polar, although (C) 
comes near to doing it because it would make dichlorodurene non-polar and would give trichloro- 


mesitylene an apparent moment of only (2-1 sin 12°) IV 2 = 0-31. In order to maintain that 
there is out-of-plane deflection in these compounds, therefore, it would be necessary to make 
ad hoc postulates about specific modes different for each compound. 

On the whole, the most reasonable conclusions are that there is no out-of-plane deflection in 
them, and that conventional van der Waals radii, or at least that for the methyl group, are too 
large in this context. It is obvious that the relevant value is a function of the problem into 
which it enters, because atoms must be regarded as compressible and not as rigid spheres. So, 
when we are considering the stopping of free rotation, we need a radius which corresponds to a 
compressional energy of about 600 cals./mols; but when we are considering the bending of a 
bond through 12°, we need one which corresponds to a compressional energy of about 1— 
2 kcals./mole. The former radius will obviously be larger than the latter, though until we know 
the typical energy—radius relation we cannot say what the difference is. It is possible that results 


such as are now communicated may lead to a more quantitative understanding of the forces 
between non-bonded atoms. 


EXPERIMENTAL. 


Preparation and Purification of Materials.—Benzene. “‘ AnalaR”’ benzene was purified by freezing 
out thrice, drying (P,O,), and distilling it over the same drying agent in a stream of dry air, under which 
it was stored until required. 

p-Dibromobenzene. A commercial specimen was recrystallized several times, and finally sublimed in 
avacuum. It had m. p. 89° (Jaeger, Z. anorg. Chem., 1917, 101, 122, give 89°). 

p-Di-tert.-butylbenzene. This was prepared by the method of Ipatief, Corson, and Pines (J. Amer. 
Chem. Soc., 1936, 58, 919). It was recrystallized from methanol and purified chromatographically. It 
had m. p. 77-5—78-0° as required (loc. cit.). 

2 : 5-Dibromo-1 : 4-di-tert.-butylbenzene. This substance was obtained in a small yield (5%) by 
bromination of the hydrocarbon in glacial acetic acid with iodine as a catalyst. Several other products 
were formed and the purification was difficult. It was more conveniently prepared by a method of 
bromination suggested by ele ee and Waters (Nature, 1949, 164, 446; /., 1950, 573): p-di-tert.- 
butylbenzene (0-053 mole) was dissolved in glacial acetic acid (300 c.c.) containing bromine (0-1 mole). 
The solution was made 2N. with respect to nitric acid and stirred mechanically in a double-necked flask, 
A solution of silver nitrate (17 g. in 50 c.c. of water) was added (1 hour), and a vigorous action took place. 
The reaction mixture was diluted with water, freed from residual bromine, neutralized, and extracted 
with ether. The dried ethereal extract was fractionally distilled atl4mm. The highest-boiling fraction 
(232°) solidified on cooling and recrystallized from ether and ethanol as colourless plates, m. p. 107°. 
The dibromo-compound was subjected to chromatographic analysis and found to be = and homogeneous 
[Found (analysis by Drs. Weiler and Strauss, Oxford): C, 48-4; H, 5-8; Br, 45-8. C,,H,,Br, requires 
C, 48-3; H, 5-8; Br, 45-9%). 

Fic. 5. 
Dispersion of refractive index. 
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A. p-Dibromobenzene. B. p-Di-tert.-butylbenzene. C. 2 : 5-Dibromo-1 : 4-di-tert.-butylbenzene. 











Physical Measurements.—These were carried out essentially as described in previous publications 
(e.g., J-, 1949, 2312) and the symbols have the same significance. The refractive index of a solution 
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relative to that of benzene was measured with a Pulfrich refractometer, fitted with a divided cell. The 
molar refraction [R]p for the sodium line was determined for 2—5 different solutions. Dispersion 
measurements with the principal lines in the cadmium and the mercury spectrum were carried out in 
the most concentrated solution; [R], was computed and plotted reciprocally against the squared 
frequency, v* (Fig. 5). The refraction [R],, for infinite wave-length was obtained by graphical 
extrapolation to # = 0. For the computation of [R), it is nec to know the absolute value of the 
specific polarisation ~, of benzene. No consistent set of values for the series of wave-le used 
could be found in the literature; p, was therefore obtained in the following way. A series of absolute 
refractometer readings for the benzene side of the divided cell was taken from one of the sets of results 
(2 : 5-dibromo-1 : 4-di-tert.-butylbenzene). Extra care was taken to ensure temperature constancy 
during these measurements. The refractive indices m, for the set of wave-lengths thus obtained were 
reliable relatively to each other, whereas the absolute value was somewhat affected by the shape of the 
layer of contact liquid between the P isms and the cell. The readings were therefore all normalized to 
the well-established standard value 1-49800 for the sodium D line. From this set of m, values and the 
standard value 1-14515 of the specific volume of benzene at 25°, p, was computed; whereafter [R], was 
calculated by means of the mixture law and the molecular weight M,. 


RESULTs. 
e. v. 10°An®. [R]p, cm.’ 105. e. v. 10°An?. [R]p, cm.* 
2 : 5-Dibromo-1 : 4-di-tert.-butylbenzene. 

(2-2727) 1-14515 — — 1031 2-2745 1-14063 38 79-3 
2-2731 = 1-14410 -— a 1263 92-2746 ~=—s:1-13967 42 78-2 
2-2739 = =1-14239 26 80-3 1652 2-2751 1-13776 63 79-4 
2-2742 = 1-14158 29 79-1 from dispersion measurements 79-1 
e = 2-2729 + 0-143; v = 1-14518 — 0-445w; +P = 81-9 + 0-5 cm.*; [R]p (average) = 79-2 

+ 0-1 cm.'. 


p-Dibromobenzene. 
345 2-2730 1-14293 — -- 1459 =2-2748 ~=1-13542 75 
679 22740 1-14065 34 40-8 1554 2-2753 + =1-13509 79 41-0 
1037 =. 2-2742~—s: 1-13848 53 41-0 from dispersion measurements 41-0 
€ = 2-2727 + 0-157H; v = 1-14510 — 0-650w; 7P = 41-8 + 0-5 cm.*; [R]p (average) = 41-0 
+ 0-1 cm.?*. 


p-Di-tert.-butylbenzene. 


2-2723 = 1-14528 =_ 1990 2-2723 1-:14549 —28 63-73 
2-272 1-14531 — 3174 2-2717 1:14594 —47 63-67 
2-2723 = -1-14540 — 


2-2727 — 0-028w; v = 114508 + 0-026w; 7P = 65-3 + 0-4cm.*; [Rjp (average) = 63-7 
+ 0-1 cm.?. 


Dispersion results (25°). 
Cd;. Nap. Hg,. Cd,. Cdp. Hgy. 
6438 5893 5461 5086 4800 4358 
21-67 25-86 30-12 34-72 38-98 47-28 
1-49398 1-49800 1-50197 1-50648 1-51077 1-51959 
0-33337 0-33567 0-33793 0-34050 0-34293 0-34790 


2 : 5-Dibromo-1 : 4-di-tert.-butylbenzene (w = 0-01652). 
65 63 69 74 65 
9-1 74:5 80-6 81-7 81-8 
0-01264 0-01258 0-01241 0-01224 0-01222 


p-Dibromobenzene (w = 0-01459). 
75 75 77 77 77 
41-0 41:3 41-7 41-9 42-5 
0-02438 0-02420 0-02401 0-02386 0-02353 


p-Di-tert.-butylbenzene (w = 0-01990). 

28 —28 —28 —28 

63-3 63-7 64-2 64-7 65-2 
0-01581 0-01569 0-01557 0-01546 0-01534 


The authors are indebted to Dr. J. A. Barltrop and Mr. L. E. Orgel for advice and discussion; and 
to Imperial Chemical Industries Limited for a grant towards the cost of research. One of them (H. K.) 
records his thanks to The British Council for a Scholarship. 
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391. The Electrochemistry of Boron Trifluoride Co-ordination 
Compounds. Part III.* Boron Trifluoride~Mono(acetic Acid). 
By N. N. GrREENwoop and R. L. Martin. 


The electrical conductivity, viscosity, and density of molten boron 
trifluoride-mono(acetic acid) have been measured in the temperature range 
25—45°. At the m. p., 37°5°, the specific conductivity x = 2°19, x 10° 
ohm cm.-!, the dynamic viscosity 7» = 25°0 centipoises, and the density 
d;’* = 14736. Both electrical conductivity and viscosity vary expon- 
entially with temperature, and plots of log « and log 7 against 1/T 
show marked discontinuities in the region of the m. p. The temperature 
coefficient of the density shows no detectable change on passage from the 
ordinary to the supercooled state. Thermal decomposition of the compound 
commenced at temperatures above 47°. The measurements have been used 
to estimate activation energies, and the variation of degree of ionization of 
the compound with temperature. 


GREENWOOD, MartTIN, and EmMEe.ttus * have shown that pure, molten boron trifluoride—mono- 
(acetic acid), BF,,CH,°CO,H, is a good conductor of electricity. This was ascribed to ionization 
of the acetic acid molecule induced by co-ordination to boron trifluoride and, from analysis of 
the products of electrolysis, it was concluded that in the liquid ionization to a hydrogen ion and 
the acetoxytrifluoroborate anion occurred exclusively : 


BF,,CH,-CO,H —> H+ + BF,,CH,-CO,- 


In accord with this it has been found that the addition of metallic sodium to the liquid results 
in the evolution of hydrogen. 

In the present work measurements of the temperature variation of electrical conductivity, 
kinematic viscosity, and density of the complex have been made, in order to ascertain the extent 
to which ionization in the liquid occurs, and to determine its dependence on temperature. The 
temperature range was restricted to the region below and slightly above the melting point, in 
order to to avoid thermal decomposition of the complex. 

The specific electrical conductivity between 25° and 45° is presented in Table I and the figure. 


TaB_e I. 
Conductivity of boron trifluoride—mono(acetic acid) from 25° to 45°. 


x x 10, , K = py, « x 10, B, K = py, 
ohm cm. ohm*cm.* ohm™cm.* cp. , ohm cm.*? ohm™*cm.* ohm cm.* cp. 
0-108 5-06 “9, 2-144 
0-114 5-02 : 2-229 
0-121 4 2-321 
0-130 2-428 
0-138 2-516 
0-147 2-637 
0-156 2-735 
0-165 2-814 
0-172 2-901 
0-179 


= 


bok 
Sueesse 


It increases with temperature, the relative temperature coefficient at the melting point (: 4 =) use 
being 3°9%. The value of the conductivity « at the melting point is 2°19, x 10° ohm-cm.-!; 
that of glacial acetic acid x,, = 1°12 x 10°* ohm~ cm.-! (see Part II). Measurements of con- 
ductivity were not extended above 45°, for at higher temperatures the conductivity of the complex 
increased with time. For example, at 47°2,° the conductivity rose by 2% during 100° hours. 
At lower temperatures the curve was accurately reproducible (see figure). The increase in 
conductivity at ~47° was accompanied by slow evolution of boron trifluoride which arose from 
thermal decomposition of the complex : 


47° } 
(1 + *)BF,,CH,-CO,H —> «BF, + BF,,(1 + *)CH,-CO,H 





* Part II, J., 1951, 1328. 
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The fact that this dissociation resulted in an increased conductivity is consistent with the 
conductivity-composition studies described in Part II. 

Values for the molar conductivity, 1 = Mx/d, and the “ reduced" conductivity, & = pm, 
are also given in Table I, and the temperature variation of these quantities, tabulated in the 
third and fourth columns, will be discussed later. 

The density of molten boron trifluoride-mono(acetic acid) and its temperature dependence 
was required to calculate the molar conductivity and the dynamic viscosity of the complex. 


Specific electrical conductivity and kinematic viscosity of boron trifluoride—mono(acetic acid). 





© Upward run 
@ Downward run 





v, centistokes. 
8 


mp. 


t 


rT 
Temperature. 








3 





40° 45° 


The density, which does not appear to have been reported by previous investigators, was 
determined between 35° and 45° by means of a sealed Pyrex pyknometer (see Table II). 


TaBLe II. 
Density of boron trifluoride—mono(acetic acid) from 35° to 45°. 


35-0,° 37-1° 39-0° 41-1,° 43-0° 44-8° 
1-4769 1-4742 1-4718 1-4689 1-4666 1-4643 


The experimental values are reproduced to within 1 in the fifth significant figure by the 
equation: d, = 15220 — 0-00129t. The smoothness of the plot of these values indicates that 
there is no abnormal density change as the molten complex becomes supercooled. The density 
of the complex at its melting point is dj* = 14736. 

The volume change per unit volume, AV/V,, on melting boron trifluoride—mono(acetic acid) 
was obtained by using a pyknometer for volume determination of solid and liquid. At the melt- 
ing point, the volume change was ~0°06. This value must be regarded as approximate, for the 
volume of the solid will depend on the closeness of packing of the individual crystals, during 
the freezing process. 

The kinematic viscosity v of the complex was required for calculation of the reduced 
conductivity & = Mxv, and was determined between 25° and 45° with a modified Ostwald 
U-tube viscometer (see Table III and figure). The values of the dynamic viscosity y, which is 


Taste III. 
Viscosity of boron trifluoride—mono(acetic acid) from 25° to 45°. 


v (cs). » (cp). t. v (cs). 
30-48 . 39-0° 15-81 
25-80 : 41-1, 14-46 
22-43 ¢ 43-0 13-42 
18-87 . 44-8 12-40 
17-24 
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related to the kinematic viscosity by the equation, 7 = vd{, are also tabulated. The viscosity 
decreases with rise in temperature with a relative temperature coefficient — : ; 3 at the melting 
point of ~4°5%. At the melting point, the dynamic viscosity of boron trifluoride—-mono(acetic 
acid) is 25-0 centipoises which is considerably higher than that of glacial acetic acid at the same 
temperature (0-93 centipoises; Thorpe and Rodger, Phil. Trans. 1895, 185, 397). 


Discussion. 


The present series of investigations has shown that in the molten state the co-ordin- 
ation compounds of boron trifluoride are conductors of electricity. In the case of boron 
trifluoride—mono(acetic acid) it has been demonstrated that the conductivity of the complex 
arises from transport of current in the melt by hydrogen and acetoxytrifluoroborate ions. 
Furthermore, it has been found that the solid complex conducts electricity appreciably. For 
example, at 27°4°, the conductivity of the solid is ek = 19 x 10°° ohm~ cm.-", indicating that 
it is, at least, partly ionized. The conductivity of the liquid at the same temperature is 
«x = 1:40, x 10° ohm™ cm.-, which gives a value of ~70 for the ratio x;/K,. Such increases in 
the conductivity of ionic conductors at the melting point have been ascribed to the large 
increase in the number of conducting entities on melting, and to the expansion in volume on fusion 
which reduces the activation energy for migration of the ions (see, ¢.g., Ubbelohde, Quart. 
Reviews, 1950, 4, 356). The volume change on fusion, AV/V,, in the present case is ~0°06 at 
the melting point but, as Ubbelohde has pointed out, correlation of this quantity with the 
structural and constitutional changes which occur on melting is not easy. 

The variation, with temperature, of the conductivity of liquid boron trifluoride—mono(acetic 
acid) shown in the figure may arise from several factors. This necessitates the use of a “ reduced”’ 
conductivity function for comparison purposes. The molar conductivity, 1 = Mx/d, effects a 
correction for density variations, and ensures that the conductivity is referred to a standard 
state in which there is always 1 mole of compound between electrodes 1 cm. apart. Values of 
this function for boron trifluoride—-mono(acetic acid) are tabulated in the third column of 
Table I, where it is seen that a steady increase in molar conductivity occurs with rise in 
temperature. This may be caused by a corresponding increase in both the number and the 
mobility of ions in the melt. As ionic mobilities in pure liquids cannot be readily determined, 
the effect of this factor on the molar conductivity cannot be accurately assessed. However, 
an estimate may be made by assuming that ionic mobility in a medium of viscosity 7 is inversely 
proportional to 7. . In this way the molar conductivity is reduced to a standard of unit viscosity. 
The corrected function, zy = Mxn/d, will be termed the “ reduced ” conductivity and denoted 
by the symbol &. Values of the reduced conductivity of boron trifluoride—mono(acetic acid) at 
different temperatures are tabulated in the fourth column of Table I. The reduced conductivity 
at 250° is 5-06 ohm~ cm.* cp, and it is seen that increase in temperature effects a gradual linear 
decrease in the function, until at 45°1°, the value of & is 4°55 ohm-! cm’ cp. It is significant 
that a mobility correction of this kind reduces an increase of 150% in the molar conductivity of 
the compound to a decrease of only 10% in the function &, in the temperature range studied. 
This implies that the observed increase with temperature of the specific conductivity arises 
primarily from increased mobility of the ions, and not from enhanced ionization of the complex. 

An interesting feature of the conductivity results is that a plot of log x against the reciprocal 
of the absolute temperature is accurately linear above the melting point. This indicates that 
the conductivity obeys an exponential law of the form, x = x,e— ®«/R?, where E, is the activation 
energy for ionic migration. A least-squares evaluation of the experimental points, above 
37°5°, leads to the relation: log « = 2530 — 1612°3/T, so that x, = 339 ohm™ cm.-' and 
E, = 7°38 kcals.mole-?. For the supercooled complex, the (log «)-1/T curve is slightly 
concave to the conductivity axis, and the energy of activation for ionic migration is ~12% 
higher, having a mean value between 25° and 37°5° of 8°4 kcals. mole. The discontinuity in 
slope of the (log x)-1/T relation, in the range 25—45°, occurs in the region of the melting point. 

This behaviour is paralleled by that of the viscosity of the compound. Both the kinematic 
and the dynamic viscosity vary exponentially with temperature, and discontinuities in the 
{log (viscosity)]-1/T curves are observed near the melting point. The viscosity equation 
above 37°5° was evaluated by the method of least squares to be log y = —4°597 + 1862°1/T. 
From this the activation energy for viscous flow was calculated to be E, = 8°52 kcals. mole. 
The corresponding activation energy for glacial acetic acid is E, = 1°93 kcals. mole (cf. Ward, 
Trans. Faraday Soc., 1937, 38, 88) so that co-ordination to boron trifluoride in equimolar 
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proportions increases this quantity more than fourfold. The points for the supercooled liquid 
fall on a curve slightly concave to the viscosity axis. Again the activation energy below the 
melting point is considerably higher, having a mean value of ~11 kcals. mole. 

It is interesting that the activation energies for ionic migration and for viscous flow are of 
the same order of magnitude. This indicates that the configurational changes involved in ionic 
migration and viscous flow are similar, and suggests that free protons in the melt are solvated 
by molecules of the complex : 


2BF,,CH,-CO,H —> BF,,CH,-CO,H,* + BF,,CH,-CO,- 


Because of the similarity in size and shape of these ions, the activation energies of the two 
processes would not be expected to differ greatly. 


EXPERIMENTAL. 


The preparation and purification of boron trifluoride-mono(acetic acid) was outlined in Part II of 
the present series. 

Electrical conductivity was measured at 1000 cycles A.C. with a Wheatstone network as described 
in Part I. A modified Ostwald U-tube viscometer was employed for viscosity determinations. The 
time of efflux (#) varied between 250 and 620 secs. and was related to the viscosity by the relation » = 
Ct —ct*. The constant C was determined by comparing the times of outflow in this instrument with 
those in the viscometer described in Part I. o-Toluidine was used as the comparison liquid, and C had 
the value 4-909 x 10% centistokes sec.*. Kinetic-energy corrections were effected by the term 
containing the constant c, which was 2-4 centistokes sec. for the instrument used. 

The temperature variation of density of the compound was determined by using a Pyrex 
glass pyknometer of standard design. The capacity of the bulb was ~9 ml., and the capillary had a 
uniform bore of diameter 2-00 + 0-01 mm. The length of the capillary was ~20 cm., and the 

yknometer was capped by a B7 ground joint to prevent access of moisture. Readings of the meniscus 
evel with respect to a fiducial line etched on the capillary were made to +0-02 mm. by means of a 
cathetometer. The portion of the pyknometer outside the thermostat was heated slightly to prevent 
distillation of the complex to qooler portions of the instrument. Standard buoyancy corrections were 
made, and the thermal expansion of the glass taken into account. Thermostatic control for all 
measurements was similar to that described previously. 


The authors express their gratitude to Professor H. J. Emeléus, F.R.S., for his continued interest in 
this work and thank the Commissioners of the Exhibition of 1851 for the award of Overseas Studentships 
during the tenure of which this work was carried out. 


UNIVERSITY CHEMICAL LABORATORY, CAMBRIDGE. (Received, March 5th, 1951.) 





392. The Preparation and Heats of Combustion of Some Amine 
Nitrates. 


By T. L. Cotrrett and J. E. GIL. 


The nitrates of mono-, di-, and tri-methylamine, mono-, di-, and tri- 
ethylamine, ethanolamine, glycine, aniline, and benzylamine have been 
prepared, and their heats of combustion determined. The heats of solution 
of mono- and tri-methylamine nitrates in water have also been determined. 


THE object of the present work was to prepare a series of amine nitrates and examine the effect 
of alteration of structure on a variety of their physical properties. Unfortunately the work 
was not completed, and only the heat of combustion of all the salts prepared was determined, as 
well as the heat of solution of two of them in water. : 

Early work on amine nitrates is due to Franchimont (Rec. Trav. chim., 1883, 2, 329), van 
Romburgh (ibid., 1886, 5, 246), and Walden (cf. Chem. Centr., 1914, I, 1800). More recently, 
Willis (Trans. Faraday Soc., 1947, 48, 97) has prepared the nitrates of a number of cyclic bases, 
and determined their heats of combustion, but only one of the compounds investigated by him, 
aniline nitrate, has been studied by us. 


EXPERIMENTAL. 


reparation of Amine Nitrates.—An aqueous solution of the base was neutralised with 70% nitric 
acid, the water removed by distillation im vacuo, alone and with alcohol, and the product recrystallised 
from absolute alcohol. M. p.s and anal are given in Table I. The m. p.s are several degrees higher 
than those previously recorded, probably because many of the salts are very hygroscopic. No further 
comment is necessary, except for ethanolamine nitrate, which was prepared by Gabriel (Ber., 1888, 21, 
2668) by saturating an aqueous solution of vinylamine with nitric acid, whereas we found that this 
precaution to prevent formation of the nitric ester is unnecessary, and that the pure nitrate can be 
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formed if the temperature is t below 10° during addition of nitric acid to an aqene solution of 
ethanolamine. Aniline nitrate, for which we obtain a slightly different heat of com ion from that 
recorded by Willis (Joc. cit.), was prepared as above, ae ple was prepared by treatment of 
aqueous aniline hydrochloride with silver nitrate solution, final product being tested for absence of 


Ag* and Cl-. Both samples gave the same heat of combustion. 


Taste I. 

Nitrate. M. p. 
Methylamine ..............cccesscesssesees 110-5—111-5° 
Dimethylamine ............csescseeeceeeee 
Trimethylamine ............+00.eesseseeees 
Ethylamine pocepianenpsbens een aanneiees 
Diethylamine ..... . 
Triethylamine 


Z 
z 
se 


5 53 
145 —147 (d.) 

(d.) ~182—184 
137-5—138-5 


Heats of Combustion.—The heats of combustion were determined by using a Griffin-Sutton bomb 
calorimeter (J. Sci. Instr., 1933, 10, 286), temperature changes being measured on a B.S.S. 791 mercury- 
in-glass thermometer. The water equivalent of the system was found by the combustion of benzoic 
acid, obtained from the Bureau of Analysed Samples, Ltd., its heat of combustion at constant volume 
being taken as 6324 cals./g. in air. 

Whenever —_ the sample was made into a pellet, but some of the compounds examined did not 

give a firm pe In these cases the sample was weighed directly into the silica crucible in which it was 
held when in ithe bomb. The bomb was with oxygen to a pressure of 25 atmospheres. The ignition 
of the sample was facilitated by means of a paper fuse, hung over the platinum ignition wire so as to dip 
into the sample. For the fuse Whatman’s No. 41 filter paper, dried at 110°, was used and a correction 
was applied for its known heat of combustion. 

All the determinations were corrected for the heat of!formation of oxides of nitrogen. This correction 
was generally very small, about —7 calories per g. of sample 

The results obtained are given in Table II. An approximate figure for the standard deviation of the 
mean of duplicate determinations calculated from the differences between duplicates is +8 calories. 
This of course does not take into account systematic errors of the determination or errors due to impurities 
in the mes. wy which, in view of the great hygroscopicity of the compounds, may be slightly greater than 
those usually experienced in this type of calorimetric work. 

The temperature at which the determinations were carried out was about 16°. 

From the observed heats of combustion, the heats of formation of the salts from the elements in their 
standard states at 298-16° kK. were calculated, the values for the heats of formation of water and carbon 
dioxide given by Wagman, Kilpatrick, Taylor, Pitzer, and Rossini (J. Res. Nat. Bur. Stand., 1945, 34, 
143) being used. 


SVeearaooceoe 


5 


SaSBISSSRS 
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Taste II. 


Heat of combustion, Heat of combustion, 
const. vol., water const. kcals. j Heat of formation, 
Nitrate. liq.; cals./g. 

Methylamine (s) .................. 2336, 2320 
Dimethylamine (s) ............... 
Trimethylamine (s) 
Ethylamine _................00+0. 
Diethylamine (s) 
Triethylamine (s) 6162, 6173 
E 2614, 2613 

1604, 1592 

5080, 5104, 5098, 5095 
5538, 5542 
The heats quoted are — AH values. 


Heats of Solution (with Dr. N. F. H. Bricut).—The heats of solution of mono- and tri-methylamine 
nitrate in water were determined by using an adiabatic calorimeter adapted from a design of Miles and 
Bullock (unpublished work). The following results were obtained : 


Q (soln.) (kcals. /mole) 
in x moles of water. 
ati tne NGI ove cp esie biiisci vivinisnsicttbcridickinnticeds —5-33 
—5-28 
—531 
I BG a one hs prance sen vse gan cenpactioseeven —5-61 
—5-54 
—5-56 


These determinations were carried out at 29°. The heat of solution at infinite dilution, —AHj-, 
may be estimated to be —5-3 kcals./mole for methylamine nitrate and —5-6 for trimethylamine nitrate. 
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Discussion. 


Willis (loc. cit.) gives the heat of combusion of aniline nitrate as 787-9 + 0°7 kcals./mole, 
which does not agree very closely with our value of 795-1 kcals. The standard deviation of our 
result is about + 1:2 kcals., and the difference between the results is 7-2 kcals., or 0°9%. It is 
difficult to explain the discrepancy, but it may be that the lower result was due to the presence 
of a small amount of moisture in the sample. 

It is possible to combine our value of the heat of formation of methylamine nitrate with its 
heat of solution, the heat of formation of the nitrate ion in solution, and the heats of solution 
and ionisation of methylamine, to arrive at a value for the heat of combustion of gaseous methy]- 
amine of 262-0 + 1°5 kcals./mole (subsidiary data from ‘‘ Selected Values of Chemical Thermo- 
dynamic Properties,” Nat. Bur. Stand., 1948). Bichowsky and Rossini (‘‘ The Thermochemistry 
of the Chemical Substances,’’ New York, 1936) quote 258-1 and 261-4 kcals./mole. Our result 
is in good agreement with the higher of these, suggesting that it is the more reliable. 

The analyses and combustions were carried out by the Analytical Department of Imperial Chemical 
Industries Limited, Nobel Division. 


IMPERIAL CHEMICAL INDUSTRIES LTD., NoBEL Division, 
RESEARCH DEPARTMENT, STEVENSTON, AYRSHIRE. (Received, March 27th, 1951.) 





393. Amidone. Some Isomeric Chlorodialkylaminopropanes and 
their Reaction with Diphenylmethyl Cyanide. 


By P. OFNER. 


The preparation and some reactions of I(and 2)-chloro-2(and 1)-dialkyl- 
aminopropanes have been studied in order to clarify conflicting experimental 
evidence. 1-Chloro-2- and 2-chloro-l-dimethylaminopropane are distinct 
entities, stable in solution in inert solvents under conditions employed in the 
preparation of amidone and its analogues. The relative proportion of the 
two isomers formed in the alkylation reactions of diphenylmethy] cyanide with 
2-chloro-1-dimethylamino- and 2-chloro-1-piperidino-propane varies with the 
nature of the basic group. 


Two isomeric basic cyanides are known to be produced by condensation of diphenylmethyl 
cyanide with 1-chloro-2- or 2-chloro-l-dialkylaminopropane. The present paper clarifies 
conflicting experimental evidence concerning the distinct nature and stability of some isomeric 
dialkylaminopropanols and chlorodialkylaminopropanes under conditions employed in the 
preparation of amidone and its analogues (J., 1949, 648; 1950, 2158). 

The preparation and some of the reactions of the 1(and 2)-chloro-2(and 1)-dimethylamino- 
propanes are shown in the reaction scheme. 

It was confirmed that 1-dimethylaminopropan-2-ol (II) and 2-dimethylaminopropan-1-ol 
(I) were distinct entities as indicated by differences in their boiling points and in the melting 
points of their picrates (cf. Brode and Hill, J. Amer. Chem. Soc., 1947, 69, 724; Schultz et al., 
ibid., 1948, 70, 48; Bockmuhl e# al., Annalen, 1948, 561, 52). Although (1), prepared by the 
Bouveault-Blanc reduction of ethyl «-dimethylaminopropionate, was isolated from a strongly 
alkaline solution, yet (II) could not be detected in the product. 

While (II) was readily converted into 2-chloro-l-dimethylaminopropane hydrochloride 
(IV) by thionyl chloride, the corresponding reaction with (I) yielded (III) or (IV) according to 
the conditions employed : mild heat led to (III), whereas, if during isolation the salt was heated 
more strongly, (IV) was formed (cf. also Schultz et al., loc. cit.). A mixture of the two hydro- 
chlorides melted below the melting point of the heat-labile (III) and could be separated into 
its constituents by making use of the large difference in solubility in acetone. 

2- and 3-Chloro-1-piperidinopropane hydrochlorides, prepared by the action of thionyl 
chloride on the corresponding alcohols, were distinct entities; attempts to add hydrogen 
chloride to the double bond of 1-allylpiperidine were unsuccessful. This is in agreement with 
the reported absence of 1 : 1-diphenyl-4-piperidino-n-butyl cyanide from the product of the 
reaction of diphenylmethyl cyanide with the base obtained on treatment of 1-piperidinopropan- 
2-ol with thionyl] chloride (cf. Ofner and Walton, J., 1950, 2158). The action of thionyl chloride 








(1951) and their Reaction with Diphenylmethyl Cyanide. 1801 
on the amino-alcohols thus involves direct replacement of the hydroxyl group by chlorine rather 
than dehydration followed by addition of hydrogen chloride to the double bond. 


Me,NH CH,°CHMe 
Me,N-CHMe-CO,Et —. Me,N-CHMe-CH,-OH Me,N-LH,CHMe-OH <—— 


ee 


ea! 
(III.) HClMe,N-CHMe-CH,Cl ——> HCl,Me,N-CH,-CHMeC! (IV.) 


won| | sso 


distil. 
(V.) Me,N-CHMe-CH,Cl ——> Me,N-CH,-CHMcC! (VI.) 


Bes. ae 
Me,N-CHMe-CH,-CPh,-CN + Me,N-CH,-CHMe-CPh,-CN 
(VII.) (VIL) 





The chloro-base (VI) from the hydrochloride (IV) was found to be stable, in agreement with 
Schultz et al. (J. Amer. Chem. Soc., 1948, 70, 48). The same crystalline picrate was obtained, 
whether the base was liberated from an aqueous solution of its hydrochloride at 0° with dilute 
aqueous ammonia or isolated at room temperature with excess of 40% sodium hydroxide solution. 
The base was distilled in vacuo without change. Hydrolysis of (IV) yielded 2-dimethylamino- 
propan-l-ol (I) (cf. Ross, ibid., 1947, 69, 2982). 

It has now been established that the base liberated from an aqueous solution of the hydro- 
chloride (III) at room temperature by the addition of excess of 40% sodium hydroxide solution 
is identical with the 1-chloro-2-dimethylaminopropane (V) isolated by Schultz et al. (loc. cit.) 
by the addition of 20% sodium hydroxide solution to an ice-cold solution of its hydrochloride. 
This result was unexpected in view of the reported isolation of 2-chloro-1-diethylaminopropane 
from an aqueous solution of 1-chloro-2-diethylaminopropane hydrochloride (cf. Kerwin et al., 
ibid., p. 2961; Brode and Hill, loc. cit.). The chloro-base (V) may be heated in an inert solvent 
and may be agitated in an inert solvent with sodium hydroxide solution or an excess of sodamide 
without undergoing decomposition or isomerisation. On distillation of the base in vacuo 
isomerisation occurred, contrary to the observations of Attenburrow e? al. (J., 1949, 510); the 
isomeric chloro-bases (V) and (VI) were separated by fractional crystallisation of the picrates. 

It is therefore concluded that the l(and 2)-chloro-2(and 1)-dimethylaminopropanes are 
distinct chemical entities and that the action of sodamide does not cause isomerisation to their 
equilibrium mixture The production of two basic cyanides by sodamide alkylation of diphenyl- 
methyl cyanide with the base from (III) is therefore significant It follows that if a reaction 
mechanism of the type suggested by Schultz ef al. (J. Amer. Chem. Soc., 1947, 69, 188, 2454) 
operates, any rearrangement product of the chloro-base must be of a transient nature and 
produced in the presence of the alkali-metal derivative of diphenylmethy] cyanide. 

The relative proportions of the isomers formed in the alkylations of diphenylmethyl cyanide 
with 2-chloro-l1-dimethylaminopropane and 2-chloro-1-piperidinopropane were determined by 
effecting as complete as possible a separation of the isomer giving the more sparingly soluble 
salts. In the dimethylamino-series the m-compounds form the more sparingly soluble salts, 
whereas in the analogous piperidino-series the salts of the iso-compounds have the lower 
solubilities (cf. J., 1949, 648; 1950, 2158). In the former series at least 60% of the cyanide was 
formed by isolation as 6-c\imethylamino-4 : 4-diphenylheptan-3-one hydrobromide, and in the 
latter at least 45% of the tsocyanide as 3-imino-5-methyl-4 : 4-dipheny]-6-piperidinohexane 
dihydrochloride. It appears that the relative proportions vary according to the nature of the 
basic group of the chloro-base employed in the alkylation. 


EXPERIMENTAL. 
(M.p.s are uncorrected.) 
2-Dimethylaminopropan-1\-ol (I).—Ethy] a-dimethylamin 
Blanc procedure (Karrer, Helv. Chim. Acta, 1922, 5, 477) to 
b. p. 145—148°. Redistilled 2-dimethylamin -l-ol in ether 
from alcohol in orange-yellow bars, m. p. 182—183° (Found: N, 16-8. C MON CHLO.N requires 
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N, 169%). The presence of the picrate of the isomeric 1-dimethylaminopropan-2-ol could not be 
detected in the mother-liquors. 


1-Chloro-2-dimethylaminopropane Hydrochloride a -1-ol (20 g.) in ben- 
zene (45 c.c.) was added during 20 minutes to an ice-cold solution of thionyl chloride (23 g.) in benzene 
(90 c.c.) kept at 0° and stirred vigorously. The mixture was allowed to warm to room temperature and 
then refluxed for 1-5 hours to remove the gases formed. After cooling, the dark su tant liquor was 
poured off, leaving a black gum which was washed several times with dry ether by decantation and then 
dried in a vacuum-desiccator over sodium hydroxide pellets. On recrystallisation from acetone (150 
c.c.), the crude salt (29 g.) yielded the pure hydrochloride (18 g.; 59%) as broad deliquescent needles, 
m. p. 103—104° (cf. Walton, Ofner, and Thorp, J., 1949, 648). 


1-Dimethylaminopropan-2-ol (II).—This was from propylene oxide and dimethylamine (cf. 
Goldfarb, J. Amer. Chem. Soc., 1941, 68, 2280). From ethereal colations the picrate was precipitated 
immediately as a sticky gum which crystallised during 12 hours at 0°. It crystallised from alcohol in 
orange-yellow rectangular plates, m. p. 83—84° (Found: N, 16-8. C,H,,ON,C,H,O,N, requires N, 
16-9%). 

2-Ch oro-1-dimethylaminopropane Hydrochloride (IV).—(a) 1-Dimethylaminopropan-2-ol (20 g.), 
treated with thiony! chloride (23 g.) as described above, gave the hydrochloride (IV). which crystallised 


Ofner, Thorp, Joc. cit.). A mixture of equal 

at 153°, solidified again at 160°, and re-mel at 
(b) 2-Dimethylaminopropan-1-ol (20 g.) in benzene (45 c.c.) was treated with thionyl chloride (23 g.) 

in benzene (90 c.c.) as above. The solvent was removed from the reaction mixture by distillation to 

dryness under reduced pressure, and the gummy residue refluxed with acetone (150 c.c.). A crystalline 

solid separated which crystallised in long needles [from alcohol (50 c.c.)—dry ether (100 c.c.)] (10-5 g., 

34%), m. p. 190—191° alone or mixed with (IV). 


re oot eee {b. p. 198—201°/762 mm.; picrate, m. p. 
134—135° (Ofner and Walton, loc. cit.)}, = m propylene oxide and piperidine, was treated with 
thionyl chloride as described for (II). The hydrochloride of 2-chloro-1-piperidinopropane crystallised 
from alcohol in rectangular.plates (65%), m. p. 202—203° (cf. Wenker, e. Amer. Chem. Soc., 1938, 60, 
158). The base liberated from the aqueous solution of the hydrochloride with dilute ammonia gave a 
picrate which crystallised from alcohol in long parallelepipeds, m. p. 132—-133° (Found: N, 14-3; Cl, 
9-0. C,H, sNCl,C,H,O,N, requires N, 14-3; Cl, 9-1%). 

1-Allylpiperidine.—This was prepared in good yield by the action of ally] bromide on piperidine (cf. 
Beilstein, Vol. XX, p. 21); it gave a picrate, m. p. 72—73°, as rectangular bars from alcohol (Found : 
N, 15-9. C,H,,N,C,sH,O,N, requires N, 15-8%). 

1-Chloro-3-piperidinopropane.—1-Piperidinopropan-3-ol (picrate, m. p. 66—67°; cf. Hromatka, Ber., 
1942, 75, B, 131, records m. p. 69°), treated with thionyl chloride as described for (II), gave 1-chloro-3- 
piperidinopropane hydrochloride which crystallised from alcohol-ether in slender rectangular plates, 
m. p. 213—214° (Ofner and Walkton,oc. cit.). This compound, m. p. 208—209°, was previously prepared 
by Adams et al. (J. Amer. Chem. Soc., 1945, 67, 735) by treating piperidine with 3-chloropropyl Lesmnide. 
The hydrochloride, on treatment with alkali, yielded a stable base, b. p. 79—80°/10 mm. (picrate, m. p. 
111—112°) (cf. Beilstein, Vol. XX, p. 18, gives b. p. 210°/742 mm. for the base and m. p. 110—-111° for the 
picrate). The mother-liquors from the salts of 2-chloro-1-piperidinopropane and 1-chloro-3-piperidino- 
propane were tested for the presence of the salts of the respective isomer and 1-allylpiperidine but none 
was found. 

Stability of 2-Chloro-1-dimethylaminopropane (VI).—({i) The base was liberated into ether (20 c.c.) 
by the addition of ice-cold dilute aqueous ammonia to a dilute solution (25 c.c.) of the hydrochloride 
(1V) (1-5 g.). The pure picrate (2-1 g.), m. p. 103—104°, obtained by precipitation from the ethereal 
solutions, crystallised from alcohol in yellow, rectangular plates (Found: N, 15-9; Cl, 10-1. Calc. for 
C,H,,NCLC,H,O,N,: N, 16-0; Cl, 10-1%) (cf. Schultz e¢ al., loc. cit.). (ii) A picrate of identical m. p. 
was obtained when the base was liberated by addition of 40% sodium hydroxide solution at room tem- 

rature in the absence ofether. In neither experiment was any other picrate isolated from the mother- 
iquors. (iii) The chloro-base isolated as described under (ii) distilled at 36—37°/35mm. The picrates from 
an aliquot of the oily extract and the distillate were identical, and melted at 102—103° after recrystallis- 
ation from alcohol. (iv) The hydrochloride (IV) (5 g.) was hydrolysed as described by Ross (J. Amer. 
Chem. Soc., 1947, 69, 2982) for 2-chloro-1-diethylaminopropane hydrochloride. Fractional crystallisation 
of the picrate of the product yielded 2-dimethylaminopropan-1-ol picrate (0-5 g.), m. p. 179—180° alone 
or mixed with an authentic specimen. 


Stability of 1-Chloro-2-dimethylaminopropane (V).—(i) The chloro-base from hydrochloride (III) 
(1-5 g.), liberated by the addition of dilute aqueous ammonia to the aqueous solution of (III) at 0°, gave 
a picrate, m. p. 161—162°, which crystallised from alcohol in light yellow, rectzngular plates, m. p. 167— 
168° (2-3 g.) (Found: N, 16-0; Cl, 10-1%). 

(ii) The m. p. of the picrate was not changed when the base was either liberated by 40% sodium 
hydroxide solution at room temperature in the presence of ether or left in contact with the strongly 
alkaline solution for 30 minutes in the absence of solvent before extraction. 


A mixture of the hydrochlorides (III; 2g.) and (IV; 2g.) was refluxed with acetone (20 c.c.) for 30 
minutes, and the suspension of undissolved hydrochloride was filtered hot. The residue was washed with 
hot acetone, then with ether, leaving 1-6 g., m. p. 189° (picrate, m. p. 101—102°). The acetone filtrate 
deposited on cooling a further quantity (0-3 g.) of hydrochloride (wp (picrate, m. p. 101—103°). Ether 
age vee — acetone mother-liquors and preparation of the picrate yielded the pure salt (2-2 g.), 
m. p. 167—168°. 


from alcohol (100 c.c.)—dry ether (200 c.c.) in long 7, needles, ~s 190—191° (24 g., 73%; cf. Walton, 
of (III) and (IV) 
183°. 


melted from 59° to 110°, was clear 
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(iii) Aliquots of a benzene solution of the chloro-base were (a) stirred vigorously with 40% sodium 
hydroxide solution (24 mols. per mol.) at 40—50° for 30 minutes, (6) heated with an equal volume of 
xylene at 97° for 30 minutes, (c) refluxed and stirred vigorously with an equimolecular quantity of 
sodamide for 30 minutes, (¢d) added during 30 minutes to a suspension of sodamide (8 mols. per mol.) in 
dry benzene at 40—45° (the suspension was refluxed an gg a 30 minutes), and (e) tested weer opee f 
after preparation and after 10 days at room temperature. Only the picrate of (V) was isolated in eac 
case. An acetone-soluble hydrochloride was obtained from an — which been refluxed with 
sodamide as described under (c), filtered, and cautiously acidified alcoholic hydrochloric acid at 0°. 


(iv) Addition of alkali to an aqueous solution of the hydrochloride (III) (2 g.), followed by ether- 
extraction and distillation of the solvent . 1-chloro-2-dimethylamin (V) (1-7) g., a light 
ellow, mobile liquid. No isomerisation had taken place during removal of the solvent, as a sample of the 
(0-2 g.) gave a picrate (0-1 g.), m. p. 165167". The base distilled at 25—30°/5 mm. Thecolourless 
— (1 g.), in ether, gave a picrate (2 g.), m. p. (sintering at 100°) 120—144° (clear at 152°). Re- 
tion from alcohol (100 c.c.) gave a first Traction (1-2 g.), m. p. 164—166°; concentration to 
25 c.c. and addition of ether (5 c.c.) yielded a second fraction (0- ny g-), m. p. (sintering at 140°) 150—155° ; 
and further concentration (to 5 c.c.) gave the picrate of the isomeric 2-chloro-1-dimethylaminopropane 
(VI) (0-3 g.), m. p. 100—102°. 
In the stability experiments described above all m. p.s were checked by mixed m. p. determinations 
with authentic materials. 


The Relative Proportion of Isomers.—(a) Dimethylamino-series. (i) The cyanide (VII) (20 g.; m. p. 
90—91°) in redistilled xylene (20 c.c.) was added to the Grignard reagent from ethyl bromide (23: 5 g.) 
and magnesium (5-3 g.) inether. The mixture was heated on the steam-bath for 4 hours, the ether being 
allowed to evaporate. The product was then decomposed with water (20 c.c.), and 40% aqueous 
hydrobromic acid added until the reaction mixture was acid to Congo-red. The xylene was removed b 
distillation with water (200 c.c.) under reduced pressure. After 12 hours at 0°, the solid 6-dimethyl- 
amino-4 : 4-diphenylheptan-3-one (amidone) hydrobromide was filtered off, dried ‘at 70° for 4 hours, and 
triturated with acetone. The white hydrobromide (22-1 g.), m. p. 223—225°, yielded a light yellow, —. 
base which crystallised from light petroleum (b. p. 80—100°) in hexagonal needles, m. p. 80—82° 

g., 75% yield; in addition a small quantity of low-me]ting material). (ii) A mixture 7 ¢ cyanides ( rite 
20 g-; m. p. 90—91°) and (VIII; 20g.; m. p. 68—69°) in redistilled xylene (40 c.c.) was condensed with 
the Grignard reagent from ethyl bromide (47 g.) and magnesium (10-5 g.) in ether and amidone hydro- 
bromide (22-6 g.), m. p. 222—224°, isolated as described under (i). Treatment of this salt with = 
alkali and crystallisation from light petroleum (b. p. 80—100°) afforded amidone base (16-5 

79—81°. (iii) The mixture of isomeric cyanides (750 g.) prepared by sodamide alkylation of Sone hen iyi. 
methyl cyanide with 2-chloro-l-dimethylaminopropane was dissolved in redistilled xylene (780 c.c.) 
and combined with ethylmagnesium bromide from ethyl bromide (881 g.), magnesium (197 7 g.), and dried 
ether (21). By the procedure described under (i), a cream-coloured, so’ id ong pare (520 g.), m. p. 
222—224°, was Obtained after trituration with acetone and, on addition of alkali and crystallisation from 
light petroleum (b. p. 80—100°), amidone base (380 g.) m. p. 79—81°. 


(b) Piperidino-series. (i) 2-Methyl-1: Pr ceed Lamy Aa ye: yl cyanide (9-6 g.; m. p. 
105—106°) in redistilled xylene (10 c.c.) and the G ent from ethyl bromide (9-9 g.), magnesium 
(2-2 g.), and di ary ether were caused to react as described by Ofner and Walton (loc. cit.). Reproducible 
and substantially higher yields of 4-imino-2-methyl-3 : 3-diphenyl- 1-piperidinohexane dihydrochloride 
(9-3 g., 73%), m. p. 193° (decomp.), have now been obtained (average yield 75%). (ii) A mixture of the 
pure isomeric cyanides (11-5 g. of each) and ethy ium bromide (3 mols.) in ether (100 c.c.) gave 
4-imino-2-methyl-3 : 3-diphenyl-1-piperidinohexane dihydrochloride (11-2 g.), m. p. 193° (decomp.), 
isolated as described below. (iii) mixture of isomeric cyanides (120 g.), produced by the alkylation 
of diphenylmethyl cyanide with 2-chloro-1-piperidinopropane, in xylene 80 c.c.) was added to ethyl- 

magnesium bromide (3 mols.) in ether (275c.c.). After distillation of the ether, the reaction mixture was 
heated at 95—100° for 4-5 hours. A solid adduct formed after 1 hour’s heating ; part of the xylene (40 
c.c.) was then removed by distillation under reduced pressure. The basic reaction product was isolated 
as a dark brown, viscous oil by exhaustive ether-extraction of the alkaline reaction mixture and distilled 
to dryness under reduced pressure. The basic oil was treated with alcoholic hydrochloric acid till acid 
to Congo-red, then evaporated to dryness, and the — — refluxed with ethyl methyl] ketone (300 
c.c.) leaving the ketimine dihydrochloride in suspensio he solid was filtered off and again —— 
with ethyl methyl ketone (600 c.c.), to give the pure dih pure dihydrochloride (51 g.), m. p. 193° (decomp.). 
treatment does not cause hydrolysis to the ketone; in each of the experiments i), (i). —ayh = i) ) the thy 
methyl ketone mip pe were eva) ted, the base liberated by treatmen d, 
alcoholic solution with 10% culgharic acid. The hydrogen sulphate of ‘os oe was ‘readily 
soluble in = methyl ketone, whereas 5-methyl-4 : 4-diphenyl-6-piperidinohexan-3-one hydrogen 
sulphate (cf. Ofner and Walton, Joc. cit.) was insoluble in boiling ethyl methyl ketone. 


The author is indebted to Mr. F. J. McMurray for the micro-analyses and to Messrs: G. J. Brockis 
and R. A. Turley for experimental assistance. ; 
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394. Solutions of Metal Soaps in Organic Solvents. Part II.* Pept- 
isation and Micelle Size in Solutions of Some Zinc Soaps in Toluene. 
By V. D. TuGHan and R. C. PINK. 


The peptisation of zinc soaps in toluene by a variety of organic compounds 
has been investigated. The most effective peptising agents are compounds 
with powerful co-ordinating groups which are capable of forming complexes 
with the soap in solution. Although water is a moderately efficient agent 
the fatty acids corresponding to the soaps are ineffective. The action of 
water is therefore not due to the liberation of free fatty acid by hydrolysis. 
Boiling-point measurements indicate that peptisation is accompanied by a 
marked decrease in micelle size. 


Part I (J., 1948, 1750) reported a rapid increase in solubility of zinc soaps in non-aqueous sol- 
vents observed over a small temperature range. This critical increase was shown to be associated 
with a phase change in the solid soaps. The present report describes the effect on the critical 
solution temperature of a number of additives. Further evidence on micelle formation and 
peptisation in organic solvents has also been obtained. In addition to solubility measurements, 
experiments have been made to determine the effect of peptising agents on the micelle size. 

Peptisation in organic solvents differs in at least one respect from the apparently similar 
phenomenon in aqueous solutions since ionic dissociation cannot readily be invoked to explain 
the observed phenomena. According to Lawrence (Trans. Faraday Soc., 1939, 35, 702; 1937, 
33, 325; J. Phys. Colloid Chem., 1948, 52, 1504) the peptiser acts by co-ordinating itself to the 
soap molecules in solution, thus breaking down the soap aggregates and assisting swelling and 
dispersion of the soap. Essentially similar views have been expressed by Gray and Alexander 
(J. Phys. Colloid Chem., 1949, 58, 37) in connection with the peptisation of aluminium soaps. 

In metal-soap solutions in organic solvents, water usually acts as a moderately efficient 
peptiser. Since the metal soaps are liable to hydrolysis the view has been held (Lawrence, Joc. 
cit.; Alexander and Johnson, “ Colloid Science,” Vol. II, p. 697, Clarendon Press, 1949) that 
water acts as a peptising agent by liberating free fatty acid. The experiments now described 
were designed to test this hypothesis in the case of the zinc soaps by comparing directly the 
peptising effect of water and equivalent quantities of the corresponding fatty acids. One of 
the main results of the investigation is to show that with the zinc soaps the corresponding fatty 
acids are practically ineffective as peptising agents. 


EXPERIMENTAL. 


Preparation and Purification of Materials.—The zinc soaps were prepared by the general method 
previously described (cf. Part I) and dried at 95° to constant weight. Samples of soap containing small 
quantities of water were obtained by controlled drying over calcium chloride; the exact amount of water 
in the sample was determined by electrometric titration, the Karl Fischer reagent (K. Fischer, Angew. 
Chem., 1935, 48, 394; Carter and Williamson, Analyst, 1945, 70, 369) being used. 


The m. p.s of the acids and soaps used are : 


Decanoic acid ... 31-0° Myristic acid ... 57-4° Zinc decanoate.... 132-0° Zinc myristate 128-5° 
Lauric acid Stearic acid 68-9 Zinc laurate 128-0 Zinc stearate... 130-0 


For analysis, the soaps were hydrolysed with 7N-sulphuric acid; the hydrolysate was then filtered to 
remove the free acid, and its zinc content determined with standard ferrocyanide. The results of the 
analyses shown below indicate that in all cases the materials obtained were predominantly the neutral 
soaps with a slight excess of fatty acid. 


Zinc decanoate. Zinc laurate. Zinc myristate. Zinc stearate. 
16-00 13-95 12-17 9-97 
16-03 14-03 12-57 10-34 


Thiophen-free toluene, which was used as solvent throughout, was dried over potassium hydroxide and 

then over sodium wire from which it was finally distied immediately before use in an all-glass still. It 

had b. p. 110-2°/760 mm, The —— agents were dried by pweey. described methods (Weiss- 
35). 


berger and Proskauer, ‘‘ Organic Solvents,’’ Oxford Univ. Press, 1935 

Peptisation Experiments.—The critical solution temperature, or C.S.T., is defined as the temperature 
at which there is a sudden increase in solubility of the soap over a small temperature range (cf. Part I). 
The peptising action of the additives was studied by determining their effect on the C.S.T. An arbitrary 





* The paper, “ Solubility of Zinc Soaps in Organic Solvents ”’ (Martin and Pink, J., 1948, 1750), 
is regarded as Part I of this series. 
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mixture of 10 g. of soap and 100 g. of solvent was chosen for all initial soap solutions; little difference 
would be made by taking another arbitrary basis, owing to the steep rise in solubility at the C.S.T. 
Determinations of the C.S.T. for the various solutions were made by sealing weighed quantities of soap, 
toluene, and additive in “‘ Pyrex ’’ tubes and heating them very slowly in a large bath until the contents 
of the tube dissolved to give a clear solution. The tube was attached at an angle to the vertical to a 
rotating spindle which served to agitate simultaneously the soap solution and the bath, the temperature 
of the latter being controlled to +0-2° by a combination of an electrical heater and a cold finger. The 
Sa of the measurements was ——— 0-5°. To check that sufficient time had been 
lowed for equilibrium to be established solution was maintained at a temperature just below the 
C.S.T. for a considerable period to verify that complete solution did not take place. 
Results obtained with some of the peptising agents in zinc laurate solutions are shown in Fig. 1. 
After a rapid initial fall a limiting C.S.T. value is reached, after which additions of peptising agent have 


Fic. 1. 
Effect of peptising agents on the critical solution temperature of zinc laurate-toluene solutions. 
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Tas_e I. 


Effect of peptising agents on the critical solution temperature (C.S.T.) of zinc 
soaps in toluene. 


Limit- Molar ratio, Limit- Molar ratio, 
Peptising ing peptising Peptising re peptising 
Soap. agent. C.S.T. agent : soap. Soap. agent. C.S.T. agent : soap. 
Zinc — Zinc -H 
laurate pyridine . . decanoate pyridin 
y-picoline . . piperidine 
piperidine , acetic acid 
quinoline . , decanoic acid 
p-toluidine . . water 
triethanolamine ‘ Zinc ~ 
ethylenedi- no peptisatio myristate pyridine 
amine piperidine 
hexamethyl- gelling agent myristic acid 
enediamine water 
decamethy]- no peptisation Zinc _ 
enedicarb- stearate pyridine 
oxylic acid piperidine 
sebacic acid no peptisation stearic acid 
acetic acid 1-7 water 
lauric acid 
stearic acid 
phenol 
ethanol 
hexadecanol 
water 


oe Roe 


— 
@ 
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little further effect. The limiting C.S.T. and the molar ratio peptiser : soap at which this temperature 
is first attained are shown for all additives and soaps studied in Table I. Piperidine proved to be the 
most efficient peptising agent for all the soaps; for example, zinc laurate solutions with a piperidine : soap 
mole ratio in excess of 1-6 gave clear solutions at room temperature, although the C.S.T. of the pure soap 
is 91°. That this was not due to supercooling was shown by the fact that even after being frozen out in 
liquid air the soap redissolved on being warmed to room tem ture. In contrast to the effectiveness 
of the organic bases, alcohols, phenol, and the corresponding fatty acids were practically without effect. 
Unusual results were obtained with additives containing two functional groups. With sebacic acid, 
decamethylenedicarboxylic acid, and ethylenediamine, no peptising effect was o' ed, but instead an 
insoluble product was produced which appeared to contain both additive and soap. The exact nature 
of these products has not been investigated. _Hexamethylenediamine on the other hand appeared to have 


Fic. 2. 
Effect of peptising agents on the boiling points of toluene and zinc laurate-toluene solutions. 
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4 0 2 4 6 
Molar ratio (Peptising agent : zinc laurate). 
—A—A—A— Solvent (toluene). —O—O—O— Soap solution. 
(a) Piperidine : 1-81% soap solution. (c) Lauric acid: 1-65% soap solution. 
(b) Pyridine: 1:14% mx (d) Stearic acid: 1-21% 





definite gel-producing —— When the solution containing this diamine was cooled, clear jellies 
were produced which slowly became opaque at room tem ture. With all the effective tisers the 
— separated, when the solution was cooled, as a highly swollen pseudo-gel which could readily be 
broken into lumps. These pseudo-gels exuded solvent at room temperature and broke down com- 
pletely after a few hours, the soap separating in the form of very fine crystallites. 


Micellar-weight Measurements.—Micellar weights were determined with an | ame in which the 
difference in boiling point between the solution and solvent in two identical Cottrell tubes was determined 
to +0-001° with a multijunction copper—constantan thermocouple. oe obtained with this 
apparatus with a non-associated solute of high molecular weight is indicated by the results obtained in a 
series of measurements with phenanthrene (M = 178-1) for which the following results were obtained, 
180-8, 180-0, 179-0, 178-2, 180-9, and 179-6, leading to a mean value of 179-7. icellar weights of zinc 
laurate in toluene so obtained were in good agreement with previously reported values (cf. Part I). 
The effect of additives on the apparent micellar weight of zinc laurate in toluene was examined in the 
following way. To one of the Cottrell tubes soap was added as in a normal miceilar-weight measurement, 
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and the boiling-point elevation noted. Successive amounts of peptising pyitios sorst were then added to the 
same tube, and the effect on the boiling point observed. The effect of the additive on the boiling point of 
the solvent alone was similarly determined by its addition to the other Cottrelltube. The results obtained 
in this way with a number of additives are shown in Fig. 2. With piperidine and pyridine, addition of a 
small amount of the peptising agent to the solvent alone causes a boiling-point depression. When the 
same amount of peptising agent is added to the soap solution an elevation of boiling point is observed. 
(Fig. 2(a) and (b)]. Addition of excess of peptising agent produces the normal effect as on the pure solvent, 
s.e., a boiling-point depression. The boiling point of the soap solution thus — —— a — 
at a concentration of peptising agent which for pyridine and pi ine correspo ———— 
a ratio of peptising agent to soap. With the additives which we mony re atively ine ae 
ree tisers, ¢.g., lauric acid, eid produced an efect similar to that of pyridine and piperidine. The 
(c) and (4). Acetic acid produced an effect similar to that of  pewy = and SS vd 
pin obtained with water were inconclusive, since steady ebullition cou t be obtained when 
was added to the soap solutions. 


Formation of Soap—Peptising Agent Complexes.—Since it seemed likely that the effective peptising 
agents acted by co-ordination to the soap, unsuccessful attempts were made to isolate crystalline soap- 
— agent complexes from the toluene solutions. Zinc stearate, however, on crystallisation from 

id pyridine gave a crystalline monopyridine addition compound which decomposed when warmed, 
regenerating the soa 7 CHM: 11! [Found : loss of weight on a sample heated to 110°, 11-0, 11-05. 
Calc. for (C,,H;,0,) 11-12%. M. p. of recovered soap 129-5°]. This addition ae is 
analogous to the a iine ‘compounds obtained by Koenig (J. Amer. Chem. Soc., 1914, 36, 956), with 
the palmitates and stearates of copper, nickel, and cobalt and pyridine. With zinc stearate and pyridine 
Koenig obtained only a “‘ sticky amorphous mass with adherent pyridine.” 





Discussion. 


The fact that the most efficient peptising agents for all the soaps are the organic bases with 
their characteristically powerful co-ordinating groups supports the view that these compounds 
act as peptising agents by forming co-ordinate linkages with the soap molecules. Also support- 
ing this view is the observation that the maximum effect on the boiling point of the soap solution 
occurs when these peptising agents and the soap are present in approximately equimolecular 
proportion. The formation of the monopyridine-zinc stearate complex and the analogous 
compounds isolated by Koenig indicates that the formation of complexes in solution is not 
improbable. 

While water was a moderately effective peptising agent for all the soaps the corresponding 
fatty acids were found in every case to be ineffective. The experimental evidence is, therefore, 
strongly against the view that in these systems the effect of water is to cause hydrolysis of the 
metal soaps with liberation of free fatty acid. It seems much more probable that, as with the 
organic bases, water acts by forming complexes with the soaps. While stable hydrates of the 
zinc soaps of simple stoicheiometric composition have not, so far as is known, been 
analogous metal soaps have been shown to form such hydrates (Vold and Vold, J. Phys. Colloid 
Chem., 1948, 52, 1424; Vold and Hattiangdi, Ind. Eng. Chem., 1949, 41, 2311; Caspari, J. Amer. 
Chem. Soc., 1905, 27, 308; Pink, J., 1938, 1252; Gardiner, Buerger, and Smith, J. Phys. Chem., 
1945, 49, 417). 

Micellar Weights.—The ebullioscopic data obtained with piperidine and pyridine can be 
accounted for in a qualitative way by assuming that the addition of the peptising agent causes 
a break-up of the original micelles with a resultant increase in the number of osmotically active 
particles. Quantitative evaluation of the data in terms of micellar weights meets with two main 
difficulties, the obviously non-ideal character of the solutions and a lack of knowledge of the 
exact distribution of the peptising agent between solvent and micelle. A semi-quantitative 
interpretation is obtained by assuming that with less than the critical concentration of peptising 
agent all of it is taken up to form a co-ordination complex and that the ebullioscopic constant 
of the solvent is unaffected by the presence of the small concentrations of peptising agent 
employed. Justification for the first assumption lies in the fact that the maximum effect on the 
boiling point is found when the peptising agent and soap are present in approximately equi- 


Taste II. 
Effect of peptising agents on the micellar weight of zinc laurate in toluene. 


Pyridine-1-14% soap solution. 


Molar ratio, Za(CysH04)e: Cc weet 0-431 0-724 
Micellar weight ... ecesees ose 1740 1410 


Piperidine—1-81% soap solution. 
Molar ratio, ~ yt tL asOa)a | Cc —— 0 0-090 0-272 0-452 
Micellar weight eee 3070 2530 1860 1490 
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molecular proportions ; the second assumption was shown to be approximately true by molecular- 
weight measurements on naphthalene in dilute solutions of the peptising agent. Micellar 
weights calculated on the basis of these simplifying assumptions are shown in Table II. The 
micellar weight falls rapidly with either pyridine or piperidine to a value approximately half 
that in the pure solvent. Since the non-ideal character of these solutions makes the results only 
approximate, speculation on the exact composition of the micelle in the presence of peptiser is 
unwarranted. Toa first approximation the data in Table II would be accounted for by assuming 
that the micelle in the presence of excess of peptising agent is one in which half of the soap 
molecules have been replaced by molecules of peptising agent. In any event, it is quite clear 
that in these solutions peptisation is accompanied by a considerable decrease in micelle weight. 


One of us (R. C. P.) is indebted to the Chemical Society for a grant from the Research Fund for the 
purchase of chemicals. 


Tue Queen’s University oF BELFAST. [Received, February 12th, 1951.) 





395. The Synthesis of 5- and 7-Methoxytryptophan, and of Some 
Derivatives. 


By R. H. Marcuant and D. G. Harvey. 


5- and 7-Methoxytryptophan have been synthesised from the 
corresponding indolylmethylenehydantoins by the method described by 
Elks, Elliot, and Hems (j., 1944, 629). These amino-acids condense with 
acetaldehyde to give carboline-acids, which are readily oxidised to two 
harmine analogues, viz., 7-methoxy-2-methyl-f-carboline * and 9-methoxy- 
2-methyl-8-carboline, previously synthesised by Spath and Lederer by a 
different route (Ber., 1930, 63, 2102). 


DuRING some metabolic studies on tryptophan it was necessary to synthesise 5- and 7-methoxy- 


tryptophan. The only known analogue appears to be 6-methoxytryptophan, synthesised by 
Harvey and Robson (J., 1938, 97) in their studies on the possible biological precursors of 
harmine; the success of the methods then employed has led to the adoption of similar lines of 
attack in the present study. 

5- and 7-Methoxyindoles and their respective 3-aldehydes were synthesised by Blaikie and 
Perkin (J., 1924, 125, 296), and the same general methods have now been followed, although 
improved yields of 5-methoxyindole and of both the aldehydes have been achieved by 
decarboxylation of the ammonium 5-methoxyindolecarboxylate in glycerol, and by application 
of the Boyd and Robson (Biochem. J., 1935, 29, 555) modifications to the Ellinger-Reimer- 
Tiemann reaction. No such improvement could be obtained in the preparation of 7-methoxy- 
indole; even after prolonged decarboxylation of the ammonium salt, significant, recoverable 
quantities of 7-methoxyindole-2-carboxylic acid remained in the melt. 

The aldehydes were condensed with hydantoin in boiling piperidine (cf. Boyd and Robson, 
Biochem. J., 1935, 29, 2257), and both 5- and 7-methoxyindolylmethylenehydantoin were 
obtained in good yield and purity. 

It was hoped to carry out reduction and hydrolysis of the indolylmethylenehydantoin in a 
single step, as described by Boyd and Robson (Biochem. J., 1935, 29, 2257), by using ammonium 
sulphide solution and ammonia solution at 100°, but although a product was obtained from 
5-5’-methoxyindolylmethylenehydantoin which had many properties of a tryptophan, it proved 
very difficult to free it from organic and inorganic impurities. That it contained at least 60% 
of 5-methoxytryptophan was proved by the isolation of 2: 3: 4: 5-tetrahydro-7-methoxy-2- 
methyl]-8-carboline-4-carboxylic acid,* when it was treated with acetaldehyde in aqueous 
solution. 

In view of the difficulties in purification and the attendant loss at each crystallisation, the 
above method was abandoned in favour of that of Elks et al. (loc. cit.), whereby the reduced 
hydantoins were readily formed by catalytic hydrogenation, and were then hydrolysed by hot 
aqueous baryta to the methoxytryptophans in good yields and purity. 


* The numbering of B-carboline in this paper is that used by Cook et al., J., 1951, 1203. 
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The two amino-acids reacted with aqueous acetaldehyde giving 2: 3 : 4 : 5-tetrahydro-7- 
methoxy-and 2 : 3: 4: 5-tetrahydro-9-methoxy-2-methy]-8-carboline-4-carboxylic acids, although 
the 7-methoxytryptophan condensed with acetaldehyde far less readily than did the 5-methoxy- 
isomer. Both these carboline acids were oxidised by acidic dichromate solution to the harmine 
analogues, viz., 7- and 9-methoxy-2-methyl-8-carboline, which had been synthesised by Spath 
and Lederer (loc. cit.) from the acetylmethoxytryptamines. 

The amino-acids and the derived carboline acids give some characteristic colour reactions, 
although 2:3: 4: 5-tetrahydro-7-methoxy-2-methyl-8-carboline-4-carboxylic acid failed to 
give a blue colour with “ impure ” sulphuric acid (cf. Harvey, Miller, and Robson, J., 1940, 153), 
or ‘“‘ pure ’’ sulphuric acid with added ferric chloride; it thus differed from the 8-methoxy- and 
9-methoxy-analogues, both of which gave similar blue colours. On application of this test to 
the tryptophans (including 6-methoxytryptophan) green, yellow, or green-yellow colours were 
obtained, with the exception of 7-methoxytryptophan which yielded, somewhat suprisingly, a 
deep blue colour. 

The apparently anomalous behaviour of 2: 3: 4: 5-tetrahydro-7-methoxy-2-methyl-8- 
carboline-4-carboxylic acid towards sulphuric acid-ferric chloride suggests that the C, position 
of the carboline nucleus may require to be unsubstituted for the formation of the characteristic 
blue colour hitherto described (cf. Rydon, J., 1948, 705). However, the corresponding 
5-methoxytryptophan gives a fairly typical glyoxylic acid reaction, thereby suggesting that 
the tryptophan colour production may not involve the intermediate formation of the 
corresponding carboline. 

The transient nature of the carboline blue colour—which in most cases often lasts only 


minutes even under carefully controlled conditions—has rendered the chemical isolation of 
the responsible complex difficult. 


EXPERIMENTAL. 


M. p.s are uncorrected. All micro-analyses by Drs. Weiler and Strauss. 


5-Methoxyindole.—5-Methoxyindole-2-carboxylic acid (Blaikie and Perkin, loc. cit.) was converted 
into the ammonium salt, and this (33 g.) was decarboxylated by heating it in glycerol (10 ml.) at 200—210° 
forl hour. The hot melt was poured into aqueous sodium hydrogen carbonate (10 g. in 250 ml. of water), 
the mixture cooled, and the aqueous layer decanted off. The semi-crystalline indole was boiled with 
water (100 ml.), again cooled, and the solid extracted with successive quantities of hot ether, hot benzene, 
and hot ethanol. Concentration of the extracts yielded 5-methoxyindole as a yellow-brown oil, which 
rapidly solidified (20—21 g.; 85—90%), and was then pure enough for the next step. Recrystallisation 
from light petroleum (b. P. 60—80°) gave leaflets, m. p. 55°. The indole formed a picrate, red needles, 
m. p. 144° (Blaikie and Perkin, Joc. cit., gave 145°) ‘ound : N, 15-0. Calc. for »H,ON,C,H,O,N, : 
N, 149% 

7-Methoxyindole.—7-Methoxyindole-2-carboxylic acid (10 g.) (Blaikie and Perkin, loc. cit.) was 
converted into the ammonium salt which was decarboxylated at 230—240°. 7-Methoxyindole was 
obtained as a pale yellow oil (4-5 g.) after distillation in vacuo. The picrate formed bright red needles, 
m. p. 150—151° (decomp.) (Found: N, 145%) (Blaikie and Perkin record m. p. 155°). 


5-Methoxyindole-3-aldehyde.—5-Methoxyindole (20 g.), ethanol (96%; 400 ml.), and chloroform 
(250 g.) were stirred and heated under reflux, and a solution of potassium = (350 g.) in water 
(400 ml.) added at such a rate that gentle refluxing was maintained (4—6 hours). The mixture was 
stirred for a further 2 hours and then set aside overnight. Potassium chloride was removed by filtration 
and the solution steam-distilled. The distillate yielded unchanged 5-methoxyindole (2-5 g.) and 
3-chloro-6-methoxyquinoline (5-5 g.), m. p. 73° (Found: N, 7-2. Calc. for C,,H,ONCI: N, 7-24%). 
When cooled and concentrated, the mother liquor and Se pe ethanolic tar extracts yielded yellow 
needles of 5-methoxyindole-3-aldehyde (7-0 g.) which m. p. 178° after recrystallising from dilute 
ethanol (Found: N, 7-9. Calc. for C,,H,O,N : N, 8-0%). 


7-Methoxyindole-3-aldehyde.—7-Methoxyindole (12 g.) treated as described above for 5-methoxy- 
indole yielded, after recrystallisation from aqueous ethanol, colourless needles of the aldehyde, m. p. 
159—161° (2-6 g.) (Found: N, 8-1%). The distillate yielded 7-methoxyindole (3-0—3-5 g.) and needles 
of 3-chloro-8-methoxyquinoline (0-8 g.), m. p. 83—84° (Found : N, 7-28. Calc. for C,,H,ONCI: N, 7-24%). 


5-5’-Methoxyindolylmethylenehydantoin.—5-Methoxyindole-3-aldehyde (3-8 g). hydantoin (2-3 g.), 
and piperidine (redistilled; 10 ml.) were boiled under reflux for 40 minutes. Dilution with water and 
acidification (Congo-red) yielded stout yellow needles of 5-5’-methoxyindolylmethylenehydantoin (4-4 
95%). After recrystallisation from acetic acid or pyridine the product had m. p. 302° (Found: K 
15-9. C,3H,,O,N, requires N, 16-3%). 


5-7’-Methoxyindolylmethylenehydantoin.—Similarly 7- ee ae (2-15 g.) Ided 
liow needles of 7-7’-methoxyindolylmethylenehydantoin (2-25 g., 73-1%) which nee sonriclethention 
tom acetic acid or pyridine had m. p. 295—300° (Found: N, 16-8%). 


5-5’-Methoxyindolylmethylhydantoin.—5-5’-Methoxyindolylmethylenehydantoin (1-0 g.), sodium 
hydroxide solution (N.; 10 ml.), and Raney nickel (ca. 10 g.) were shaken with hydrogen at normal 
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temperature and pressure for a total of 20-5 hours, and the solution was filtered and carefully acidified 
with dilute acid. Pale pink or colourless crystals of 5-5’-methoxyindolylmethylhydantoin (0-79 g., 77%), 
m. p. 192—202°, were formed when the vessel was scratched. Recrystallisation from dilute ethanol 
yielded colourless prisms, m. p. 206—208° (Found: N, 16-3. C,,;H,,0,N, requires N, 16-2%). 


gp acy gay TRI cae 5-7’-methoxyindolylmethylenehydantoin (2-0 g.) 
yielded colourless leaflets of 5-7’-methoxyindolylmethylhydantoin (1-62 g., 80%) which after 
recrystallisation had m. p. 247—249° (Found : N, 16-2%). 

5-Methoxytryptophan.—Method 1. 5-5’-Methoxyindolylmethylenehydantoin (4-9 g.), ammonium 
sulphide solution (16% A.R.; 100 ml.), and ammonia solution (3%; 40 ml.) were heated at 100—105° 
for 10 days in a closed bottle. The brown, clear liquid was filtered from a little undissolved material, 
evaporated to ess in vacuo, and extracted with carbon disulphide and absolute ethanol, and then 
with hot water (300 ml.) containing a little ammonia solution. The aqueous extract was clarified 
(charcoal) and concentrated to a small bulk (5—10 ml.) whence addition of excess of ethanol and long 
storage at 0° caused the formation of a pale brown precipitate (1-25 g., 26%). Repeated attempts to 
crystallise the product from pyridine and ethanol removed most of the colour but did not result in 
crystallisation; the product had m. p. 249° (Found: C, 55-8; H, 6-0; N, 10-0. C,,H,,O,N, requires 
C, 61-5; H, 6-0; N, 12-0%). 

Some of the crude amino-acid (0-100 g.) was dissolved in water, clarified with charcoal, and treated 
with acetaldehyde (0-1 ml.). A colourless crystalline product was produced (61%); on recrystallisation 
this gave long thin needles (m. p. 230—232°) which appeared to be identical with the 2 : 3 : 4: 5-tetra- 
hydro-7-methoxy-2-methyl-8-carboline-4-carboxylic acid prepared from Hg ee hid Rg by an 
alternative route described below (Found; C, 60-6; H, 6-1; N, 10-2. Calc. for C,,H,,0,N,: C, 64-6; 
H, 6-15; N, 10-8. Calc. for C,,H,,O,;N,,H,O: C, 60-4; H, 6-5; N, 10-18%). 

Method2. 5-5’-Methoxyindolylmethylhydantoin (1-0 g.), barium hydroxide (4-4 g.), and water (27 ml.) 
were heated under reflux for 24 hours. Carbon dioxide was passed into the boiling solution, which was 
then filtered and the remaining barium ion removed with 2n-sulphuric acid. e final filtrate and 
washings were combined and concentrated to a small bulk, treated with excess of ethanol and pyridine, 
and cooled to 0°. After long storage 5-methoxytryptophan was obtained as practically colourless crystals 
(0-55 g., 61%), which after recrystallisation formed needles, m. p. 238—240° (decomp.) (Found: C, 
60-1; H, 5-8; N, 11-8%). 

7-Methoxytryptophan.—From 5-7’-methoxyindolylmethylhydantoin (3 g.), by a procedure similar 
to Method 2 (above) for 5-methoxytryptophan, very pale yellow needles of 7-methoxytryptophan (2-3 g., 
85%) were obtained. On recrystallisation these formed needles, m. p. 255—264° (Found: C, 60-1; 
H, 5-8; N, 11-8%). 

2:3: 4: 5-Tetrahydro-7-methoxy -2-methyl-B-carboline-4-carboxylic Acid.—5-Methoxytryptophan 
(0-2 g.), dissolved in water (50 ml.), was treated with acetaldehyde solution (50%; 0-8 ml.) and then set 
aside overnight at room temperature. The carboline-carboxylic acid (0-176 g.) which separated as white 
needles had m. p. 231—233° (decomp.) (mixed m. p., with the product from crude tryptophan ey 
by method 1, was 234—236°) (Found: C, 56-8; H, 6-8; N, 9-75. C,,H,,O,N,,2H,O requires C, 56-75; 
H, 6-7; N, 9-5%). 

2:3: 4: 5-Tetrahydro-9-methoxy-2-methyl-B-carboline-4-carboxylic Acid.—The reaction between 
7-methoxytryptophan and acetaldehyde appeared to proceed far less readily than in the case of 
5-methoxytryptophan. 


By method 1, a product was obtained only on considerable concentration of the reaction mixture in 
one experiment, or after storage for a week or so in another. The second crop from the first preparation 
was used for the oxidation (below), but the second preparation is recorded here. 


Method 1. 7-Methoxytryptophan (0-2 g.), dissolved in water (50 ml,), was treated with acetaldehyde 
solution (50%; 0-8 ml.), and set aside at room temperature. No product was obtained until after 
a week or so, when white nodules (84 mg.), m. p. 249—-258°, appeared. Analysis and m. p. indicated 
that this was probably a mixture, although some carboline acid was undoubtedly present. 


A second crop (micro-plates) (40 mg.; m. p. 256—258°) was obtained on concentration (Found : 
C, 61-0; H, 6-7; N, 10-25. C,,H,,O,N,,H,O requires C, 60-5; H, 6-5; N, 10-1%). 

Method 2, 7-Methoxytryptophan (0-1 g.), dissolved in water (60 ml.) and hydrochloric acid (4-3 ml. ; 
1 mole), was treated with acetaldehyde solution (50% ; 0-5 ml.) and set aside for several days, then heated 
on the water-bath and concentrated to a very small bulk, and ethanol and pyridine added. The product 
(57 mg.) had m. p. 240—246° (Found: C, 64:1; H, 60; N, 10-2. C,,H,,0O,N, requires C, 64-6; H, 
6-15; N, 10-8%). 

7-Methoxy-2-methyl-B-carboline.—The corresponding tetrahydro-carbolinecarboxylic acid (0-2 g.), 
dissolved in boiling water (60 ml.), was treated with aqueous potassium dichromate (10% w/v; 10 ml.) 
and glacial acetic acid (2 ml.). The mixture was boiled for 1 minute and cooled, and sodium sulphite 
solution (10%; 13 ml.) added. The solution was made alkaline with sodium carbonate and extracted 
ten times with ether. Evaporation to dryness yielded a yellow crystalline compound (65 mg., 39%), 
which was recrystallised from methanol, — ay prisms, m. p. 267—269° of the carboline (Found: C, 
73-2; H, 5-85; N, 13-1. Calc. for C,,H,,ON,: C, 73-6; H, 5-7; N, 13-2%). (Spath and Lederer, Joc. 
cit., reported m. p. 273—274°.) 

9-Methoxy-2-methyl-B-carboline.—The corresponding tetrahydro-carbolinecarboxylic acid (0-1 g.) 
from the second crop of the first p tion, dissolved in boiling water (60 ml.), was treated with aqueous 
potassium dichromate (10% ; 5 ml.) and glacial acetic acid (1 ml.). The mixture was boiled for 1 minute 
and cooled, and sodium sulphite solution added (10%; 7:5 ml.). The product (41 mg.; 49%) was 
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isolated exactly as with the 7-methoxy-compound and was recrystallised from methanol, forming 
colourless plates, m. p. 238—239° (Spath and , loc. cit., reported 239—240°) (Found: C, 73-0; 
H, 5-9; N, 13-2%). 

Colour Reactions.—Details of the two reactions are given in the table. 


Compound. Glyoxylic acid reaction.* “* Carboline blue ”’ test.t 
5-Methoxytryptophan Violet ring Yellow 
2:3:4:5-Tetrahydro-7-meth- Pale green ring Bright yellow —> brown 

oxy-2-methy]-8-carboline-4- 
carboxylic acid 
6-Methoxytryptophan Blue ring ——> purple Yellow —>» green; blue on long 
keeping with excess of FeCl, ¢ 
2:3: 4: 5-Tetrahydro-8-meth- Blue ring surmounted by purple Yellow; le —> green with ex- 
oxy-2-methyl-8-carboline-4- cess of ech t 
carboxylic acid 
7-Methoxytryptophan Blue ring surmounted by purple Blue 
2:3: 4: 5-Tetrahydro-9-meth- Blue ring surmounted by purple Bluish-green 
oxy-2-methy]-8-carboline-4- 
carboxylic acid 


* The amino-acid or carboline (0-5—1-0 mg.) was dissolved in water (2 ml.), glyoxylic acid solution 
(4 drops) was added, and the solution underlayered with concentrated sulphuric acid (2—3 ml.; 
AnalaR 


tA crystal (0-1 mg.) of the amino-acid or carboline acid was added to concentrated sulphuric acid 
(3 ml.; AnalaR), containing a trace of ferric chloride. If no colour appeared aqueous ferric chloride 
(0-01 ml.; 10%) was added and the solution shaken. Ferric chloride was used as the oxidant throughout 
Mercuric ‘sulphate, normally used in the Hopkins—Cole test (Proc. Roy. Soc., 1901, 68, 21; J. Physiol., 
1901, 27, 423), did not cause the formation of a blue colour when it was added to a sulphuric acid 
solution of a carboline-carboxylic acid. 

t The trace of ferric chloride originally added was insufficient and more was therefore added. 


Dept. oF PuHystIoLoGy, RoyAL VETERINARY COLLEGE, 
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396. The Configuration of 2: 2’-Dipyridyl. 
By P. E. Frectpine and R. J. W. Le Fivre. 


Comparison of the dipole moments of 2: 2’-dipyridyl and o(or 1 : 10)- 
phenanthroline indicates that the former molecule is approximately planar, 
with the two nitrogen atoms in a trans-disposition about the 1: 1’-bond. 
Ultra-violet spectra suggest that there is less inter-nuclear conjugation in the 
dipyridyls than in diphenyl. 


THE cis-configuration required by 2 : 2’-dipyridyl during its co-ordination with metals evidently 
cannot be difficult to achieve since qualitatively this base and o-phenanthroline seem to react 
equally easily. It therefore became of interest to check the earlier conclusions of Goethals 
(Rec. Trav. chim., 1935, 54, 299) and Cagle (Acta Cryst., 1948, 1, 158) that the two nitrogen 
atoms are normally arranged in the dipyridyl molecule trans to one another. 


EXPERIMENTAL, 


We are indebted to Dr. F. P. Dwyer for gifts of the two compounds just mentioned. The 
2: 2’-dipyridyl was sublimed at 0-1 mm. pressure, and then had m. p. 69-5°. o-Phenanthroline 
monohydrate, dehydrated at 105° and then a from dry benzene, had m. p. 99—100°. After 
the dielectric-constant observations, during which solutions were in contact with slightly tarnished 
brass electrodes, the recovered material wed a green tinge. This was removed redissolving 
the compound in benzene and adding a few of water, thus precipitating the monohydrate, which 
was collected and dehydrated as before. Sublimation at 10* mm. then afforded a white specimen 
which was used for the spectra. 


Procedures, symbols, and calculation methods were as noted before (e.g., J., 1948, 1949; 1949, 333). 
Measurements and results are given in Table I 
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Taste I, 
10%w,. 5, a. ae,. Bay. 10*w,. 4, a. 
0 22725 0-87378 -— 
2 : 2’-Dipyridyl. 
9,030 2-2783 0-87559 0-642 0-200 15,602 2-2809 0-87706 
12,435 2-2799  0-87634 0-595 0-203 20,257 2-2831 0-87801 
whence (a€,)~, = 0-729 — llw,, and (8d,)~, = 0-193 + 0-88w,. 
o-Phenanthroline. 


0-87518 9-31 0-268 10,220 2-3624 0-87638 
0-87558 10-66 0-269 10,620 2-3622 0-87675 
0-87591 9-31 0-260 15,870 24146 0-87769 
0-87614 10-65 0-269 


whence (at), = 10-5, — 117w,, and (Bdy)y, = 0-282 — 2-2u,. 
M;. (a€s)w, = 0- (B) wo, =0- wo Py, c.c. [Rz]p, c.c. B, 
0-729 0-221 62-9 46-0 * 0- 
10-54 0-322, 398-9 52-5 t¢ 4 
o 14,3 % (Rpyridine minus Ru). t l.e., Rpipyriayi + 2Ro + Raoubie bond: 


D. 


1 
1 


The moment of 2 : 2’-dipyridyl has been recorded as “‘ less than 0-68 p.’’ by Goethals (loc. cit.). His 
material had m. p. 70-5°, but on the last page of his paper he formulates the molecule as 3 : 3’-dipyridyl, 
the m. p. of which is 68° (as against the literature value for the 2: 2’-isomer of 69-5°; cf. Beilstein, 
“Handbuch,” XXII, pp. 199, 200). Moreover, the only polarisation tabulated (that for 17°) is 
49-4 c.c., whilst the molecular refraction is entered thrice as 59-2, 59-3, and 59-5c.c. In view of these 
(probably clerical) errors we felt repetition to be justified. 


DISCUSSION. 


Qualitatively, it is obvious that 2: 2’-dipyridyl exists in solution as a near-trans form— 
a conclusion already drawn by Goethals (loc. cit.) from his own measurements. Further, we 
may note that the moment of pyridine is about 2-2p. (Lange, Z. Physik, 1925, 33, 169; 
Bergmann, Engel, and Meyer, Ber., 1932, 65, 446; Rau and Narayanaswamy, Z. physikal. Chem., 
1935, B, 26, 23; Goethals, loc. cit.; Middleton and Partington, Nature, 1938, 141, 516; Leis and 
Curran, J. Amer. Chem. Soc., 1945, 67, 79), and assume that this resultant acts in the direction 
4—— 1 (i.e., from the y-carbon-to the nitrogen atom, with the negative pole toward the 
nitrogen). Since the C,N ring system of pyridine itself is almost a regular hexagon (cf. the 
list by Allen and Sutton, Acta Cryst., 1950, 3, 46), we may infer that this shape is retained in 
2: 2’-dipyridyl, in which therefore the pair of component “ pyridine” moments can each be 
taken as inclined to the 5:2: 2’: 5’ line at approximately 60°, with their actual relative 
directions being set by the azimuthal angle, y, through which the C,H,N nuclei are twisted 
about the common axis. Completely cis- or trans-configurations should therefore show 
moments of ca. 38D. and ca. 0D., respectively, the unlikely condition of “ free rotation ” 
requiring a moment of 2-7 p. 

The resultant in fact found (0-91 D.) corresponds to y = 152—153°. (This calculation is 
not particularly sensitive to the value adopted for the “‘ pyridine ’’ component; ¢.g., 2-0 D. 
leads to y = 150—151°, or 2-3 p. to y = 153—154°.) Our measurements therefore indicate an 
angle (about 28°) between the ring planes which is smaller than those reported (via spectroscopic 
data) for diphenyl (45°) and 3 : 3’-dibromodiphenyl (54°; cf. Allen and Sutton, Joc. cit.). Asa 
comparison, it is of interest that, from the dipole moments of a number of 2 : 2’-dinitro- and 
-dicarbethoxy-diphenyl derivatives, y figures of ca. 90° have been deduced (Le Févre and Vine, 
J., 1938, 967). 

From elementary considerations it seems credible that, of the above cases, 2 : 2’-dipyridyl 
should be the most nearly flat. A scale drawing (Fig. 1), based on the known dimensions of 
pyridine and diphenyl (Allen and Sutton, Joc. cit.) and including the ‘“‘ Wirkungsradien ” of 
Stuart (Z. physikal. Chem., 1935, 27, 350), shows there to be no interference, at the positions 
adjacent to the central bond, in the ¢rans-configuration of 2: 2’-dipyridyl, while with the 
corresponding cis-form, as also for diphenyl when flat, hydrogen atoms are at least in contact, 
and in such molecules as the 2 : 2’-disubstituted diphenyls mentioned above the overlapping is 
considerable in both the cis- and the ¢vans-arrangement. 

Factors (cf. Weissberger, Sangewald, and Hampson, Trans. Faraday Soc., 1934, 30, 884) of 
an electrical nature which may enter the problem as the two halves rotate are (a) van der Waals 
attractions, and (b) dipolar forces, which may be attractive or repulsive. Although it might be 
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possible to examine (a) by estimating binding energies via Slater and Kirkwood’s empirical 
formula (Physical Rev., 1931, 37, 682), yet we have not attempted this because, although it is 
clear that attractions will be greatest when y = 0° or 180°, yet in the similar example of diphenyl 
such attractions are not sufficient to enforce co-planarity of the molecule. As to (b), we have 
applied the methods used earlier for benzil (J., 1939, 1614) to calculate the variations in 
reciprocal energies of two dipoles, each of 2 D., situated on the nitrogen atoms, when y = 0°, 
20°, 40°, etc., to 180°. The results again suggest that preferred configurations are of the trans- 
type, although a twisting out of the common plane by 20—30° should be easily accomplished. 

Finally, with regard to our own measurements, we may note that, because the allowance 
for atomic polarisation is most probably inadequate (cf. especially Coop and Sutton, /J., 1938, 
1269), a polarity of 0-91 D. for 2: 2’-dipyridyl must be a maximum estimate: the lower its 
value, of course, the smaller is y. Our conclusions are, therefore, in general accord with those 
of Cagle (loc. cit.) drawn from an X-ray study of crystalline 2 : 2’-dipyridyl. 


Fic. 2. 
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A. 2: 2’-Dipyridyl. B. 0o-Phenanthroline. C. Pyridine. 


The Moment of o-Phenanthroline.—Earlier in this paper we assumed certain directions of 
action for the main components in 2: 2’-dipyridyl. The moment of o-phenanthroline has 
therefore been determined to check this point. The value found (4-1 p.) is of the order expected 
(3-8 D.) for cis-dipyridyl on the basis indicated. 

Uliva-violet Spectra.—Cagle’s analysis (loc. cit.) of 2: 2’-dipyridyl, being as yet incomplete, 
and thus not providing a figure for the internuclear separation of the 1 : 1’-carbon atoms, does 
not allow an inference—from the % double-bond character of this link—concerning the degree 
of mesomerism of dipyridyl. In the case of diphenyl, the related dimension is 1-48 a. (Dhar, 
Indian J. Physics, 1932, 7, 43), corresponding to a double-bond order of about 10% (cf. Pauling, 
‘‘ Nature of the Chemical Bond,’ Cornell Univ. Press, 1945, p. 174). With diphenyl, also, 
conjugation between the nuclei is indicated by the higher intensity, compared with benzene, 
of absorption of ultra-violet light of wave-length va. 2500 A. (logy, ¢ = 4-3 aud 2-3, respectively). 

Using the Beckman photoelectric spectrophotometer, we now find (in alcohol) a less marked 
contrast between 2 : 2’-dipyridyl and pyridine (see Fig. 2). Our results are very close to those 
of other authors using heptane as solvent (see Table II), who also showed that the spectrum of 
3 : 3’-dipyridyl was less different from that of pyridine than was that of the 2: 2’-isomer. The 
indications are, therefore, that internuclear conjugation is not so great in the dipyridyls as in 
diphenyl. 
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In view of the trans-structure of 2: 2’-dipyridyl we have also recorded the spectrum of 
o-phenanthroline. It bears an obvious relationship to that of 2: 2’-dipyridyl (Fig. 2). The 
same cannot be said for diphenyl and phenanthrene (see Table II). A minor point concerning 


Taste II. 


Amax. (™Mys.). 108 19 €max.: : Amax.(My.). 10849 €max.- 
Pyridine ............... Below 2004 Above 3-75' Benzene‘ .............+ 200 3-65 
2501 3-31 255 
2515 3-325 
2 : 2’-Dipyridyl 239 5 4-045 (4:12) Diphenyl® ............... 
283 5 4-16 5 (4-14) ® 
3 : 3’-Dipyridyl 266 * -95 
o-Phenanthroline ... a4 : : Phenanthrene ‘ 


1 In heptane, Fischer and Steiner (Compt. rend., 1922, 175, 882); in heptane, Spiers and 
(Rec. Trav. chim., 1937, 56, 573). ** In heptane, Spiers and Wibaut (loc. cit.). * Cf. Review by 
Braude (Ann. Reports, 1945, 42, 105). * In alcohol, present work. 


the spectrum of pyridine is that Fischer and Steiner (loc. cit.), working with heptane solutions, 
reported five subsidiary absorption peaks, with diminishing log ¢ values, between 2500 and 
3000 a.; accordingly, a number of alcoholic solutions have been carefully examined by us over 
this interval several times. On each occasion the final curve has agreed with that in Fig. 2. 


Financial assistance from the Commonwealth Science Fund is gratefully acknowledged. 
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397. Indications of Geometrical Isomerism with 2: 2'-Azopyridine. 
By R. J. W. Le Févre and C. V. Wortu. 


The one known form, m. p. 87°, of 2 : 2’-azopyridine has a dipole moment 
which is more consistent with a trans- than with a cis-configuration. Its 
absorption spectrum resembles those of non-heterocyclic azo-derivatives. 
Illumination by sunlight of solutions of azopyridine causes changes in their 
dielectric constants and spectra which recall those observed for azobenzene 
and suggest a partial development of the cis-isomer. 


In connection with other investigations of molecules containing -N—N- (Calderbank, Le Févre, 
and Northcott, Chem. and Ind., 1948, 158; Le Févre, Northcott, and Wilson, ibid., p. 732; 
Le Févre and Northcott, J., 1949, 333, 944; Le Févre and Wilson, ibid., p. 1106; Le Févre and 
Souter, ibid., p. 1595; Brown, Le Févre, and Whittem, J., 1950, 185; Freeman and Le Févre, 
J. 1951, 415) it seemed of interest to examine 2: 2’-azopyridine, especially since this 
substance had been thought (Kirpal and Bohm, Ber., 1932, 65, 680) to exist in two isomeric 
forms, m. p. 87° and 81°, until Kirpal and Bohm (Ber., 1934, 67, 70) showed that the lower- 
melting variety was really a mixture of the known azopyridine, m. p. 87°, with its 5-chloro- 
derivative. This paper accordingly records observations made when the material of m. p. 87° 
was submitted to the tests previously applied to azobenzene (Hartley and Le Févre, J., 1939, 
531) and various other azo- or diazo-compounds (references above). 

Azopyridine may be prepared either via a hypochlorite oxidation of 2-aminopyridine or by 
the reduction (arsenious oxide and sodium hydroxide) of 2-nitropyridine (cf. Kirpal and Bohm, 
loc. cit.), but to avoid the chlorination reaction just mentioned we decided to apply the second 
two-stage process to the 2-aminopyridine available. After crystallisation from light petroleum 
(b. p. 40—70°), 2 : 2’-azopyridine was obtained in 25% overall y.eld, as stout, deep red needles, 
m. p. 87° (in agreement with the literature), It was stored in a darkened desiccator. Solutions 
were made up by weight in brown bottles and handled as far as possible with exclusion of 
daylight ; thermostat bath liquids were coloured a deep red. 
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Dipole-moment measurements were made, in benzene as solvent, by the following routine : 
densities and dielectric constants of a fresh solution were first observed; then it was transferred 
to a clear glass flask and exposed to sunlight for about 1-5 hours, after which the same readings 
were retaken. Since changes might be in part due to loss of solvent during irradiation, each 
solution was finally kept in the dark for ca. 2 days before a third set of ¢,, and d,, values were 
recorded. Details of apparatus, procedures, etc., have been given before (J., 1948, 1949; 
1949, 333; for symbols, see Trans. Faraday Soc., 1950, 46,1). Experiments were performed at 
different seasons; during the summer, working temperatures of 30° were necessary. Our 
results are summarised in Table I. 

It is seen that the more dilute the solution the more illumination causes change of dielectric 
constant, as shown by (e;, — ¢,)/w, = ae,. This is compatible with a greater absorption of the 
active wave-lengths by the outer layers of stronger compared with weaker solutions. Evidently, 
equilibrium conditions were not attained during the exposures given. To check the point, 
the solution of 100w, = 0-81794 was examined periodically during a total irradiation of 5 hours 
by bright sunlight : 


Time (mins.) ......ccc00002 0 40 120 180 300 
Pah i Sa SLE RE 3-00 3-44 4-00 4-60 


The final ae, value nevertheless fell to 2-54 after several days’ storage of the solution in the 
dark. The apparent dipole moments deducible from these results are set out in Table II. 
Using the Beckman photoelectric spectrophotometer, Model D.U., we repeatedly determined 
the absorptions of 2 : 2’-azopyridine in absolute alcohol, before and after exposure to sunlight. 
The figure shows a typical example, curve a being changed to curve b by 2 hours’ illumination. 
A parallel set of observations in cyclohexane gives similar results (see p. 1817). In both solvents 


Taste I, 
2: 2’-Azopyridine in benzene. 


100w,. 2, a. ae,. Ba. 100w,. 8, a. ae. Ba,. 
0 2-2725 0-87378 _ — 


Solutions before exposure. Solutions immediately after exposure. 
0-55181 2-2852 0-87527 2-30 0-270 0-55181 2-2044 ° 
0-72095 2-2892 0-87572 2-32 0-269 0-72095 2-2989 ° 
0-81794 2-2908  0-87596 2-24 0-266 0-81794 2-2996 ° 
1-0942 2-2978  0-87680 2-31 0-276 1-0942 2-3076 ° 
Exposed solutions after 2 days’ storage in dark. 
0-55181 2-2838 ° 2-05 ° 0-81794  2-2933 ° 
0-72095 2-2884 ° 2-21 ° 1-0942 2-2993 3 


100w,. 9, &. ae. . 100w,. <, . 
2-2628 0-86718 ~- 
Solutions before exposure. Solutions immediately after exposure. 
2-2922 0-87058 2-23 0-258 1-3189 2-3019 ° 2-96 
2-3000 0-87148 2-25 0-260 1-6537 2-3075 ° 2-70 
2-3083 = 0-87248 2-24 0-261 2-0323 2-3145 ° 2-54 

Exposed solutions after storage in the dark. 
2-3031 ° 2-54 . 1-20323 2-3090 ° 2-27 
* No significant changes from values for unexposed initial solutions. 


Taste II. 


Before exposure ‘ ° ’ 
After exposure ‘ } up to 2-7 


* From following [Rz)p values: C,H,N = 24:1; H = 1-1, azo-group = 9 c.c. approx. (cf. /., 
1949, 2082). i sith ‘6 J 


a slow reversion occurs on storage in the dark, the alcoholic solutions after 2 days at room 
temperatures showing a 30% return, whilst those in cyclohexane, when kept at 40° for the same 
time, appeared to have recovered by ca. 80%. 











1816 Indications of Geometrical Isomerism with 2 : 2'-Azopyridine. 


Discussion.—Qualitatively the above facts are reminiscent of those known for azobenzene ; 
their quantitative interpretation is less straightforward because the pyridyl radicals themselves 
each add an extra component moment to the molecular resultants of cis- or trans-2 : 2’-azo- 
pyridine. However, we may note that Rau and Narayanaswamy (Z. physikal. Chem., 1934, B, 
26, 23) were able to make reasonably correct forecasts of the moments of a number of pyridine 
derivatives by assuming that the parent skeleton contributes a component of about 2-2 p. 
acting as though directed from the $-carbon to the nitrogen atom (with the negative pole towards 
the latter). Such a view is actually in better agreement with measurements on o-phenanthroline 
than that adopted by Fielding and Le Févre (preceding paper). 

Accordingly, remembering that the moment of cis-azobenzene is 3 p. (Hartley and Le Févre, 
loc. cit.), we may roughly predict the polarity ranges for the azopyridines from the figures shown 
on (I) and (II) as: 


trans-forms, from ca. 0 to ca. 4.D.; cis-forms, from ca. 1 to ca. 5 D. 
mt A 


(I.) as N. 
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However the small moment of 2: 2’-dipyridyl (Fielding and Le Févre, loc. cit.) obviously 
indicates a preferred trans-disposition of the rotatable ‘“‘ pyridyl ’’ moments in this particular 
molecule, and it is not unreasonable therefore to expect a similar tendency in (I) and (II), and to 








2r 








200 
A,mp. 
2: 2’-Azopyridine in alcohol : 
(a) Before exposure. (b) After exposure. 


expect that the measured resultant of trans-2 : 2’-azopyridine would probably be smaller than 
that of the corresponding cis-variety. The raising of the apparent moment of azopyridine by 
the action of daylight, and its subsequent diminution in darkness, would then be explicable, 
harmoniously with many other azo-compounds, as due to a partial tvans- to cis-inversion and 
retroversion, respectively, about the -N—N- group. 

The spectra now recorded are also reconcilable with the process just indicated. The figure 
shows that the azopyridine of m. p. 87° absorbs between 2500 and 5000 a. at two points, the 
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intensities of which are affected more than the wave-lengths by illumination. The same 
phenomena occur with trans-azobenzene of m. p. 68° (as well as with other azo-compounds, 
é.g., diazocyanides and diazosulphonates, not so directly related to azopyridine; cf. references 
cited on p. 1814) where the spectral changes may be recognised as a modification towards the 
extreme result obtained with the pure isomer of m. p. 71° (see Table III), from which we draw 
the conclusions set out in the summary. 


Taste III. 


Solvent. Amex, Mp. Ogio max. Amex, Mu. lO yy emax- 
Azopyridine (before exposure) ............-..44+ 4-22 460 . 
Azopyridine (after exposure) a 450 
Azopyridine (before exposure) ............. -.. «+ . 470 
pom mesg (after exposure) Cc “ 460 
Azobenzene, m. p. 68° (trans-) * tO , 450 
Azobenzene, m. p. 71° fois.) we ee ‘ : 440 
4-Chlorobenzenediazocyanide (stable form) ®. 2, . 438 

Ditto (unstable form) # E , 432 
Potassium mesg eapemetasasmnemeedl 

(stable form)* ... posenpdiesssaceiuce am ° 428 

Ditto (after irradiation) s 

Ditto (unstable form) * ..........-.2..00000 


1 Cf. Ber., 1941, 74, 675. * Cf. J., 1949, 1106. * Cf. J., 1951, 415. 
This work has received assistance from the Commonwealth Science Fund. 
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398. Lanthanon Complexes with Ethylenediaminetetra-acetic 
Acid. Part I. 


By R. C. Vickery. 


Marsh’s work (jJ., 1950, 1819) on ethylenediaminetetra-acetic acid 
(“‘enta’’) complexes of the heavy lanthanons has been supplemented by 
investigations on the use of this reagent in separating the lighter earths. 
Excellent separation of lanthanum and good concentration of samarium have 
been obtained, together with a certain degree of differentiation between 
neodymium and praseodymium. Various modifications have been examined 
and some crystalline complexes prepared and analysed. Further evidence has 
been obtained of two-stage co-ordination (Vickery, ]., 1950, 2058), and some 
preliminary titration studies have been made. 


Muc# attention has lately been paid to the function of complex formation in lanthanon frac- 
tionation, and Marsh (/j., 1950, 1819) recently followed up the work of Schwarzenbach et? al. 
(Helv. Chim. Acta, 1945, 28, 828 et seq.) on the separation of the rare earths with the aid of ‘‘ enta ”’ 
(ethylenediamine-N NN’ N’-tetra-acetic acid). Marsh, however, studied the separation of heavy 
lanthanons, although it was indicated that similar rapid separations might be obtainable in the 
case of the lighter earths. 

Owing to their relatively higher basicity, the lighter lanthanons form complexes slightly 
less easily than do the heavier earths, in that they require somewhat longer digestion for complete 
reaction. It was considered that this difference in reaction velocity might provide the basis 
of a separation, but satisfactory results by this method have yet to be obtained. 

Formation of complexes from light lanthanon oxalates in ammonium “ enta”’ solution, 
followed by fractional acidification, gave excellent separation of lanthanum and good concen- 
tration of samarium (Table I); praseodymium and neodymium were resolved to a certain extent. 
Precipitation by excess of oxalic acid did not yield such good results (Table [I), even in the pres- 
ence of excess of ‘‘ enta ’’ (Table III). 

It has been shown (¢.g., Maley and Mellor, Nature, 1948, 161, 437; 1950, 165, 453; Austral. 
J. Sci. Res., 1949, 2, A, 92) that the use of non-aqueous solvents increases the stability constants 
of metal co-ordination compounds. In lanthanon-enta systems, the use of dioxan did indeed 
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render necessary lower pH values for precipitation, but advantage in the use of such organic sol- 
vents appears restricted to the ultimate concentration of samarium (Table IV). Possibly, 
however, in the heavy lanthanon group this modification might be more useful. 


TaBLe I. 

Fraction. Wt. (g.). Pr(%). Nd(%). Sm(%). Fraction. Wt (g.). Pr(%). Nd(%). Sm (%). 

0-5 8 3 17 50 17 

87-5 10 
87 


9-2 33 
10 3-8 
44 10 
— — 50 
64 30 


* Indicates total of Pr, Nd, and Sm. 


NQOer Sto 


TABLE II. 
Fraction. Wt (g.). Pr(%). Nd(%). Sm({%). Fraction. Wt. (g.). Pr(%). Nd(%). Sm (%). 
1 8 13-7 5-0 — 6 40-0 6-5 
2 12 16-5 8-5 — 7 16 
q 9 — — — 8 6 
10 18-5 5-0 1-0 9 7 


7 — a= = 


TABLE III. 
Fraction. Wt(g.). Pr(%). Nd(%). Sm (%). Fraction. Wt (g.). Pr (%). 
5 12-0 6-0 —- 6 18 17-2 
12 17-5 6-5 0-8 7 13 — 
10 — — =— 8 6 ae 
15 19-5 6-0 1:3 9 5 — 


7 —_— — — 


TABLE IV. 
Fraction. Wt. (g.). Pr(%). Nd(%). Sm (%). Fraction. Wt. (g.). Pr (%). 
1 0-75 6 13 6 2-5 15 
2 3- 
3 1- 
4 4- 
5 4: 


0 7 12 7 
l 10 < an 8 
1 15 30 9 
1 17 51 


Complex formation from sulphates and alkali double sulphates, followed by fractional acidi- 
fication, yielded only mediocre separation—in the case of the double sulphates no separation was 
obtained better than that reported earlier (J., 1950, 1101) with the use of ammonium acetate. 

Lanthanon phosphates and fluorides yield complexes with ‘‘ ammonium enta,’’ but reduction 
of the pH of such solutions yields unfilterable precipitates. Tungstates, molybdates, chromates, 
vanadates, and complex cyanides all enter into complexes with “‘ enta,”” but in such cases there 
appear to be formed also anionic complexes of the metallic ion, with disruption of the lanthanon 
salt; this was indicated by the colour change of the solutions and the impossibility of repre- 
cipitating the lanthanons as the original salt either by acidification or by addition of more 
precipitant. 

It was considered that formation of an “‘ enta ’’ complex from an insoluble lanthanon chelate 
compound might yield an interesting fractionation, as the result of the tendencies of the two 
reagents to act in opposite directions, one towards precipitation and the other towards solvation. 
Oxalate solvation—precipitation might be considered a mild example of this, but the 8-hydroxy- 
quinoline inner lanthanon complexes are very stable and their use should provide more definite 
data. 

Lanthanon-8-hydroxyquinoline complexes were dissolved in ammonium “ enta’’ solution, 
to yield a red solution which would not yield precipitates with either oxalic or mineral acid until 
a pH of ca. 4°5 was reached. On decomposition by mineral acid, mixed precipitates were 
obtained of free hydroxyquinoline, “‘ H,-enta,’’ and lanthanon “ enta”’: oxalic acid merely 
precipitated lanthanon oxalates. It appears therefore that the stability of these insoluble 
complexes is comparable with the tendency to form soluble stable complexes. The possibility 
of two or more solvating chelate compounds in the same system providing additive stability for 
lanthanon complexes has yet to be determined. 

After forming complexes with ammonium “ enta,” lanthanon oxalates, sulphates, and 
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hydroxides did not divide between the aqueous phase and chloroform at various concentrations 
and at pH values from 4 to 10. 

On the basis of Brintzinger’s preparation of simple lanthanon “ enta ”’ salts (Z. anorg. Chem., 
1943, 251, 285), Marsh (loc. cit.) suggested the formula (NH,), [(enta) Ln(C,O,)] for the ammonium 
oxalate complexes. These salts of lanthanum and samarium have been prepared and shown 
by analysis to conform to the above formula in both cases. In the case of lanthanum, however, 
two forms are obtainable: an a-form obtained from solutions where complex formation and 
crystallisation occurred below ca. 50°; and a $-form which is formed at higher temperatures. 
The £-form is the more stable and soluble. On dissolution of the a-modification in water, boiling, 
and recrystallisation, the 6-modification is obtained. The a-complex also differs in that its 
pa 9 is precipitated at pH ca. 6-5, whereas the more stable form decomposes only at 
PH ca. 50. 

This two-phase, or two-stage, complex formation was not observed with cerium and is 
probably caused essentially by the high basicity of lanthanum; it is unlikely to be caused 


Fic. 2. 
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primarily by ionic size, as the difference between the ionic radii of La** and Ce** is hardly suffi- 
cient to account for such a difference. Preparation of the cerium a-complex was attempted at 
40°, 30°, 20°, and 10° without success, hexagonal needles being obtained at all temperatures with 
no indication of prism formation. 

Moeller and Brantley (Univ. Illinois, Chem. Task VII, N6OR1—71) observed the possible 
formation of two complexes of Nd-enta but ascribed this to dilution effects involving varying 
Nd : enta ratios. Since cerium does not take part in this two-stage complex formation it is 
doubtful whether neodymium would do so; thus it is unlikely that the variation observed by 
these workers was due to this dual-stage effect. A similar variation in complex formation was 
observed by the author (/oc. cit.) in studying lanthanon—amino-acid co-ordination, and in this 
instance, as earlier, the effect is probably one of ionisation isomerism, some of the “ enta ” and 
ammonium, and possibly oxi\late, ions being interchangeable. 

Titration Curves.—As a preliminary to a more complete determination of the stability 
constants of the lanthanon—“‘ enta ’’ complexes, solutions of lanthanon nitrates and enta were 
titrated with standard alkali. Insufficient results were obtained to enable the full calculation 
of stability constants, but the individual titration curves obtained for both light and heavy 
earths (Figs. 1 and 2) show much agreement with separational practise, viz., yttrium close to 
dysprosium; ease of concentration of lanthanum and samarium; greater complex formation in 
the heavier than lighter earths, confirming the rapid separation of erbium and ytterbium at the 

6B 
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tail of a series. The difference in curve slope between, ¢.g., yttrium and gadolinium is striking. 
Although only four members of the heavy group are given, as compared with six of the lighter 
earths, the difference in behaviour of the two groups is well evident. 

The curves for samarium and yttrium appear anomalous towards the lower pH values but 
this may be due to impurities in each case. On the basis of the curves given, gadolinium should 
be separated readily from samarium at pH values between 6-0 and 3-0, whilst lanthanum should 
most easily be separated at pH 3°0—4°5. Any separation of praseodymium and neodymium 
should be most marked at pH 4—5°5, whilst the purification of yttrium and erbium from each 
other should proceed best at pH 2-0—3-0. 


EXPERIMENTAL. 


The solution subsequently referred to as “ stock enta’’ was a 25% solution of the ammonium salt 
prepared by suspending 250 g. of “ enta’”’ in 500 ml. of water and adding aqueous ammonia (d 0-880) 
with stirring at ca. 60° to give a clear solution. This solution was cooled, diluted to 1 |., kept for 48 hours, 
and filtered through a fluted paper before use. 


The mixed lanthanon salts employed were all derived from monazite sources less cerium, and had been 
subjected to one alkali double sulphate fractionation for removal of the heavy earths. 


The lanthanum and samarium oxalates employed for preparation of the crystalline complexes were 
both of 99% purity, and the salts employed for the titration studies were of similar purity, except that 
for dysprosium 96% purity only was claimed. 


Analyses of fractions are derived directly from spectrophotometric readings without correction for 
the presence of other lanthanons. There should, however, be little interference between praseodymium 
and neodymium which were determined at 444 and 522 muz., respectively. Results for samarium, 
obtained at 402 myz., may be a little high owing to traces of iron and cerium, as well as to any turbidity, 
although the chloride solutions’ were reduced with one drop of 2% oxalic acid and centrifuged before 
examination in order to reduce these effects. 


Oxalate Complexes.—(a) Lanthanon oxalates (200 g.) were dissolved in boiling stock enta (850 ml.). 
To the boiling solution, with vigorous mechanical agitation, 6N-hydrochloric acid was added dropwise 
and very slowly (1 drop in 2 seconds) until a trace of permanent cloud appeared. Digestion was then 
carried out for 10—15 minutes without further addition of acid, and fractionation then continued by 
the slow dropwise addition of acid. This slow-digestion method was employed for each fraction. Sub- 
sequent studies appear to indicate a relation between the purity of the fractions and the speed of addition 
of acid (Table I). 


(b) As in (a), but precipitation was effected with saturated aqueous oxalic acid (Table II). 


(c) Complexes were formed from oxalates (200 g.), and excess (300 g.) of oxalic acid was added; the 
precipitate was taken up again in further enta solution (600 ml.), and fractionation by acidification with 
hydrochloric acid carried out at 90—95° (Table III). 


(4) Complexes were formed from oxalates (35 g.) with 150 ml. of stock enta, and 150 ml. of redistilled 
dioxan were added. Some white crystals separated which were filtered off, but contained no lanthanon, 
Saturated oxalic acid solution (300 ml.) was added without producing a precipitate, the pH then being 
8-3. A further 150 ml. of dioxan were added and fractional precipitation by the addition of 6n-hydro- 
chloric acid was carried out at 80°. Seven fractions were taken off at pH values of 7-0, 6-1, 5-2, 4-5, 4-0, 
3-5, and 2-5. Each fraction was reconverted into complex and refractionated, the series being extended 
to nine fractions (Table IV). 


(e) Samarium oxalate was converted into complex in the minimum of stock enta at the b. p. and 
carefully evaporated until crystallisation occurred. Owing to the great solubility of the salt, excessive 
care and two or three recrystallisations from water were necessary in order to obtain good crystals rather 
than a solidus mixture. 


(f) The lanthanum oxalate complex was similarly prepared and also obtained by shaking of an excess 
of the oxalate with stock enta for several hours at 30°, followed by filtration and spontaneous crystal- 
lisation of the filtrate. 


The f-lanthanum and samarium salts, prepared and crystallised with heat, adopted hexagonal, 
needle-like shapes, sometimes forming rosettes. The low-temperature a-lanthanum salt gave, however, 
rather stubby hexagonal prisms which, on redissolution in a little boiling water, yielded the hexagonal 
needles of the B-form. Precise solubility measurements could not be made, but small volumes of the 
mother-liquors above the crystals were pipetted off, weighed, evaporated to dryness in platinum, and 
finally ignited, the weights of residual oxide being calculated back on the basis of analyses of the crystals. 
The degree of hydration of these salts appears complicated, no definite hydration levels being determin- 
able by desiccation over sulphuric acid or magnesium perchlorate or by drying at 110°. The water 
content of salts prepared at various times varied from 0 to 12-5%. The tollowing data, based on the 
anhydrous compounds, were obtained. a-Lanthanum ammonium enta-oxalate: La,O,, 29-0; total 
N, 10-1; NHs, 9-0; C, 25-2%. ({Calc. for (NH,),{(C,)H,,0,N,)La(C,O,)]: La,O,, 28-6; N, 9-84; NHs,, 
8-96; C, 25-3%}; stubby hexagonal prisms; 3-2 g. of saturated solution at 20° contained 0-42 g. of 
La,O,; 1-45 g. of complex. 

f£-Lanthanum ammonium enta-oxalate : La,O,, 28-9; total N, 9-9; NH,, 9-1; C, 25-4%; hexagonal 
needles; 4-3 g. of saturated solution at 20° contained 0-90 g. of La,O, = 3-12 g. of complex. 
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Samarium ammonium enta-oxalate : Sm,O,, 30-2; og 9-55; NHs,, 8-85; C, mt = for 
(NHy)s U(CruH 4O.N pLa(Cy0y) Sm,O,, 30-0; N, 9-65; 8-79; C, 248%}; hexagonal needles 
1 g. of saturated solution at 20° contained 0- 97 g- of om,0,= = =. “24g. of complex. 


Sulphate Complexes.—(a) From a chloride solution,  Lta(SO.) SHO was tite cau by addition of 
concentrated sulphuric acid. Com were formed from the moist sulphates (7. equiv. to 31-2 g. of 
Ln,O,) with stock enta (260 ml.), a little additional ammonia 7 hee to obtain a clear —_— at 
the b. p. From this solution, Ee eae beeen oe ated Gy 8t ms containi er 
of Ln, % The remainder of the solution was tionally precipitated 50% sulphuric acid at 
(Table V). 


TABLE V. Tasie VI. 


Fraction. Wt. (g.). Pr(%). Nd(%). Sm (%). Fraction. Wt. (g.). Pr(%). Nd (- Sm (%). 
6 12 20 8 13-0 

16 18 

1 12 

5 10 

4 12 


22-5 
2-5 
1-4 


NOoerketor~ 


(°) Complex was formed from the sodium double sulphate dihydrate (100 g.) with stock enta (480 
ml.). Crystallisation of a small portion of the solution yielded no solids of definite composition. The 
os portion of the solution was fractionally precipitated by 50% sulphuric acid at 90° (Table VI). 


Various Experiments.—Lanthanon-8-hydroxyquinoline complexes were dissolved in stock enta with 

it excess of ammonia. The addition of oxalic acid to this solution yielded no precipitate; neither 

ydrochloric acid until a pH of 4-5 was reached. The solution initially obtained was red and this 

oa intensified with lowering of the pH. Owing to the acidity at the initial precipitation, only a few 

fractions could be collected before final complete precipitation—on ignition, the colours of the oxides 

of the five fractions showed no variation, and visual observation of the absorption spectra did not indicate 
any appreciable separation. 


Attempts to form enta complexes with le and double lanthanon nitrates, with a view to fractional 
tion, led to no useful results, the solutions requiring evaporation nearly to dryness before any 
indications of solidus formation occurred. 


After com: formation with stock enta, lanthanon oxalates, sulphates, and hydroxides in solution 
at pH values hen 10 and 4 (the latter in presence of excess of enta) were shaken with chloroform for 
several hours. Emulsions were obtained at the liquid-liquid interface, but no extraction into the 
chloroform occurred. Excessive concentration or dilution of the lanthanon solutions had no effect. 


Alkali-titration Curves.—m /500-Lanthanon nitrate and m/1000-ammonium enta were mixed, to give 
a Ln: enta ratio of 1: 2. Sufficient n-nitric acid was added to give a pH of 1-5—2-5, and 10 ml. of the 
mixed solutions were titrated with n-sodium hydroxide. Figs. 1 and 2 give results of alkali titration. 
The readings were obtained on a Marconi-Ekco = meter with glass and calomel electrodes. Insufficient 
data were obtained for the determination of full stability constants but this will form the subject of 
further work. 


The author thanks Dr. J. K. Marsh for ety cone su ms and criticism, as well as for some of the 
spectrophotometric analyses; he also ndon and Scandinavian Metallurgical Co. Ltd. 
for laboratory facilities granted during the past few years. 
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399. Studies on Fructosans. Part II.* Triticin from the 
Rhizomes of Couch Grass (Triticum repens L.). 


By P. C. Arni and E. G. V. PEercivat. 


From the hydrolysis products of methylated triticin, tetramethyl fructo- 
furanose (ca. 42%), 1:3:4- (ca. 11%) and 3: 4: 6-trimethyl fructose (ca. 
4%), and 3 : 4-dimethy] fructose (ca. 39%) have been separated and identified. 
A highly branched structure is proposed for the polysaccharide which contains 
about equal numbers of fructofuranose residues linked by 2: 1- and 2: 6- 
linkages. 

It appears probable that the molecule is built up from ca. 30 fructose residues 
and that there is no terminal reducing fructose residue. It is suggested that 
the fructofuranose aggregate is terminated by a glucose residue linked as in 
sucrose (see Part I, J., 1950, 1297), although the alternative possibility of a 
closed loop cannot be entirely discounted. 


ScHLUBACH and SINH (Amnalen, 1940, 544, 111) have suggested that fructosans may be divided 
into two main groups, namely, the inulin group in which the fructofuranose units are linked 
through C,,, and C,,, and the phlein group in which C,,, and C,,, linkages are fundamental. 
The work of Schlubach and Peitzner (ibid., 1937, 530, 120) appeared to show that the fructosan 
triticin did not belong to either of these classes. 

Triticin occurs in the rhizomes of a common weed-type grass Triticum repens L. (Agropyron 
repens Beauv.). This species along with others of similar habit is commonly referred to as 
couch, twitch, quack-grass, etc. These grasses spread freely by means of the creeping root- 
stocks or rhizomes. The Greeks and Romans appear to have used couch-grass roots as a 
specific for bladder disorders; some use of this material as an animal feeding stuff has been 
reported from Scandinavia, and comparative experiments have shown it to have a high 
nutritive value (Wilson, Nature, 1945, 155, 671). 

An early attempt to extract a carbohydrate from couch grass is recorded by Stenhouse 
(J., 1843, 2, 139) who stated that “‘ the grass roots certainly contain a great deal of uncrystallisable 
sugar which readily ferments.”’ In 1873 Miller (Arch. Pharm., 202, 500) gave the name triticin 
to the gummy carbohydrate which he extracted from powdered couch-grass roots, recorded a 
specific rotation ({«], —41° in water), and suggested that it was isomeric with sucrose. Reide- 
meister (Pharm. Z. fiir Russl., 1880, 19, 658) made a comparative study of “ levulin,” sinistrin 
(from the bulbs of Scilla maritima), and triticin, and found that the last was the most readily 
hydrolysed by boiling water. The fructosan from Dracena australis (Ekstrand and Johanson, 
Ber., 1887, 20, 3310; Ekstrand and Mauzelius, Vetensk. Akad. Forhandl., 1889, 157) and Tanret’s 
levosin (Bull. Soc. chim., 1891, [iii], 5, 724) isolated from the unripe grains of rye, wheat, and 
barley have been shown to resemble triticin in physical properties, but the only detailed structural 
investigation on record is that by Schlubach and Peitzner (loc. cit.). After painstaking purific- 
ations both of the polysaccharide itself and of the acetate, followed by deacetylation and methyl- 
ation, a methyl triticin ({«], —61°) was obtained which was hydrolysed, and three fractions were 
obtained by the distillation of the benzoates in a high vacuum. In this way a tetramethyl, a 
trimethyl, and a dimethyl p-fructose were separated in the ratios of 3:1:3. The tetramethyl 
fructose was shown to be tetramethyl] fructofuranose, but neither the trimethyl nor the dimethyl 
fructose was identified. Cryoscopic determinations of the molecular weight of triticin indicated 
a value of 2600—2830 corresponding to a molecule constructed from 16—18 fructose residues. 
Since the methylation studies appeared to show that the fructose residues were associated in 
groups of seven and triticin is virtually non-reducing, Schlubach and Peitzner suggested a 
branched cyclic formula containing 14 or 21 building units although the nature of the linkages 
involved was obscure. 

In the present investigations couch-grass rhizomes gathered in spring gave triticin in a yield 
of ca. 12%. Several methods of extraction were attempted and a product having [a], —48° 
(in water) (cf. [«]» —51°, Schlubach and Peitzner, Joc. cit.) was isolated. Hydrolysis with 
oxalic acid gave fructose (ca. 92%) which was estimated by a modification of Roe’s method 


* Part I, J., 1950, 1297. 
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(J. Biol. Chem., 1934, 107, 15) communicated by Dr. D. J. Bell. By paper chromatography 
(Hirst and Jones, J., 1949, 1659) glucose (ca. 5%) was also found in the hydrolysate. Methyl 
triticin ({«], —61°), prepared from the corresponding acetate, was fractionated and remethylated 
by the thallium method (OMe, 44°8%). After hydrolysis the methylated sugars were separated 
on a cellulose column (Hough, Jones, and Wadman, /., 1949, 2511) into three main fractions. 
Fraction I (44%) consisted of tetramethyl fructofuranose (41°6%) and a tetramethyl aldose 
(2°2%). Fraction II (15%) proved to be a mixture of 3: 4: 6-trimethyl fructose (ca. 4%) 
and 1 : 3: 4-trimethyl fructose (ca. 11%) together with a small quantity of trimethyl aldose. 
In one experiment with a different specimen of methylated triticin the two trimethyl fructoses 
were separated by use of a 27” cellulose column, and 1 : 3 : 4-trimethyl fructose was obtained 
crystalline. Separation was more readily achieved, however, by condensation with acetone to 
give 3:4: 6-trimethy] 1 : 2-isopropylidene fructose (Montgomery, J. Amer. Chem. Soc., 1934, 
56, 419) which was separated from unchanged | : 3 : 4-trimethy] fructose by continuous extrac- 
tion with light petroleum. From the value of the specific rotation of fraction II ({[a], —33° 
in water) and the values for 1 : 3: 4-trimethyl fructose ({a]) —61°6°) (Bell and Palmer, /., 
1949, 2522) and 3 : 4 : 6-trimethyl fructose ([a], + 30°) it appears that ca. 30% of the latter isomer 
was present in the mixture. From the change in specific rotation in acetone containing hydrogen 
chloride a slightly lower proportion (ca. 25%) of 3:4: 6-trimethyl fructose was indicated. 
Fraction II on oxidation with periodate gave formaldehyde in a yield of 91% when treated under 
the conditions described by Bell (J., 1948, 992) and Bell, Palmer, and Johns (/., 1949, 1536) 
who found a theoretical yield of formaldehyde to be liberated from 1 : 3 : 4-trimethyl fructose 
and an 82% yield from the 3: 4: 6-trimethyl isomer. Since the only other possible trimethyl 
fructofuranose which would condense with acetone is the 1 : 4 : 6-trimethyl derivative (Mont- 
gomery, loc. cit.) and this substance cannot give formaldehyde on oxidation with periodate, the 
possibility that this isomer was present in fraction II can be dismissed. 

Fraction III was a dimethyl hexose and made up 39% of the total hydrolysate. The 
specific rotation ({a]p .—61°) suggested that it was principally 3 : 4-dimethyl fructose although 
hypoiodite oxidation indicated slight contamination with a dimethyl aldohexose (1°6%). 
Oxidation with sodium metaperiodate yielded 1°6—2 moles of formaldehyde per C,H,,0, 
according to the experimental conditions employed. Osazone formation gave 3 : 4-dimethyl 
glucosazone, principally in the form of a hydrate, although a specimen identical with authentic 
3 : 4-dimethyl glucosazone was isolated on seeding with a crystal kindly supplied by Dr. D. J. 
Bell. Conclusive proof that fraction III was 3 : 4-dimethy]l fructose was afforded by oxidation 
with periodic acid followed by bromine water and esterification, to give a good yield of dimethyl 
(—)-p-dimethoxysuccinate which was fully characterised as its crystalline amideand methylamide 
(Haworth and D. I. Jones, J., 1927, 2349). 

From these experiments the proportions of the various methylated fructoses produced on the 
hydrolysis of methylated triticin are tetramethyl fructofuranose (ca. 42%), 1:3: 4- (ca. 11%) 
and 3 : 4: 6-trimethy] fructose (ca. 4%), and 3 : 4-dimethyl fructose (ca. 39%). The proportions 
of tetra- to tri- to di-methyl fructose approximate to 3: 1:3 as reported by Schlubach and 
Peitzner (loc. cit.) but the trimethyl fructose fraction is now shown to be a mixture of two 
known isomers rather than a single compound of unknown constitution, and the dimethyl 
fructose is definitely identified. 

By neglecting for the time being the existence of glucose units in the molecule it is possible 
to indicate the main structural features of triticin. It could be depicted as built up from 
fructofuranose units linked either through C,,, and C,,, with branches at C,,, on most of these 
residues as (a) (inulin type), or through C,,, and C,,, with branches at C,,, as (b) (phlein type), 
or by any combination of these two possibilities such as (c). 

The results of oxidation with sodium periodate would agree with any of these interpretations, 
since one equivalent *s used for each C,H,»O, unit, as would be expected for fructoturanose 
units with the adjacent hydroxyl groups on C,,, and C,, open to attack. Triticin may therefore 
be represented, as far as the arrangement of the fructofuranose units is concerned, as a highly 
branched structure containing a random distribution of about equal numbers of 2: 1- and 
2 : 6-linked p-fructofuranose residues. That the polysaccharide is a mixture of inulin and levan 
(poain) is quite out of the question because of the high proportions of tetra- and di-methyl 
fructoses produced on hydrolysis, although the possibility that the 1 : 3 : 4-trimethyl fructose 
is derived from poain present as an impurity, and the 3 : 4 : 6-trimethy] fructose from a trace of 
inulin, cannot be completely discounted. 

In common with inulin the molecular size of triticin would appear to be small in 
comparison with most glucosans. Schlubach and Peitzner (loc. cit.) estimated it to contain 
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ca. 18 fructose residues per molecule, and, although an accurate method for determining the 
molecular weight was not available to us, approximate measurements on the acetate and on the 
methylated derivative by the modification of Barger’s method (Caesar et al., J]. Amer. Chem. 


HO-CH, o fH, o O 
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Soc., 1947, 69, 617) previously used in this laboratory (jJ., 1950, 3494) gave values for 
methylated triticin corresponding to 18—25 C,H,,O, units, and for the acetate to 29 C,,H,,0, 
units per molecule. Since triticin is virtually non-reducing the German school favour a looped 
structure for this and many.other fructosans. Such a possibility cannot be denied but there is 
another alternative. The chain could well be terminated by a glucopyranose non-reducing end- 
group, linked to the penultimate fructofuranose residue by a sucrose-type linkage as suggested 
for inulin (Hirst, McGilvray, and Percival, J., 1950, Part I); Dedonder, Compt. rend., 1950, 
230, 549; 997), and several lines of evidence lend support to this view. 

The presence of glucose among the hydrolysis products of triticin has been demonstrated 
beyond doubt, and the quantity determined corresponds to one glucose residue in ca. 21 CgH,O, 
units. As Reidemeister (loc. cit.) found, triticin was hydrolysed with ease by boiling water. 
An examination of the products of this autohydrolysis on the paper chromatogram showed that 
sucrose (Rg 0-029) was almost certainly present and it is difficult to visualise how sucrose 
could be produced other than by a fragmentation of the triticin molecule. Since sucrose could 
not be formed directly from a looped structure with a glucopyranose residue attached as a branch 
to one of the fructofuranose units, because the potential reducing group of the fructose residue 
would necessarily be joined to either C,,, or C,,, of its neighbour, the only alternative seems to be 
the fission of sucrose from the end of a chain. Further investigations on this autohydrolysis 
process are necessary, however, in view of the indications that another disaccharide (R, 0°056) 
is present in the mixture of products obtained. 

Oxidation with potassium periodate gave formic acid corresponding to the liberation of 
1 mole per 29 hexose units and no formaldehyde could be detected. This is strong evidence 
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against the presence of a terminal reducing fructose group. The oxidation of fructose by 
periodate is complicated by the fact that it can proceed in two ways. : 


although scheme (d) appears to take place preferentially (Khouvine and Arragon, Bull. Soc. 
chim., 1941, 8, 676). The hypothetical fructose reducing end-group could reasonably be 
expected to be joined to the main chain through either C,,, or C.¢. In the former case 
mechanism (d) could not operate and we should expect the liberation of formaldehyde together 
with 3 mols. of formic acid. Oxidation of the 6-substituted fructose could proceed by (d) to 
give formaldehyde and 2 mols. of titratable acid or by (e) to give 3 mols. of titratable acid 
but no formaldehyde. 


H,OH 

O,H 
H-CO,H 
H-CO,H 


—_ 
“HyOR 


From the standpoint of the failure to detect formaldehyde on oxidation of triticin with 
periodate, the balance of evidence strongly favours the assumption that no reducing fructose 
end-group is present, since, in view of the observations of Khouvine and Arragon (loc. cit.) it is 
unlikely, even if the attachment were through C,.,, that oxidation would proceed exclusively 
by route (e). Oxidation by any of the above processes would also give rise to either 3 or 2 
equivalents of titratable acid. Since it was found that one equivalent of acid was released 
from ca. 29 C,H,,O, units, the calculated chain length on this basis would be 58—87 units or 
two—three times the figure indicated by the molecular-weight measurements, so that this 
evidence also points to the absence of a fructose reducing group. The observed facts would 
fit in, however, with the assumption that the fructosan is terminated by a glucopyranose residue 
attached by its reducing group, for this would give rise to 1 mol. of formic acid, and no formalde- 
hyde, on oxidation with periodate. 

Further support for this view is furnished by an examination of fraction I of the hydrolysis 
products of methylated triticin. Examination on the filter-paper chromatogram and develop- 
ment with aniline oxalate gave a pink spot in the same place as the grey spot given by the 
interaction of the tetramethyl fructofuranose with urea oxalate. The same phenomenon was 
shown to occur with the hydrolysis products of methylated inulin (Part I, loc. cit.) and was 
due to the fact that tetramethyl glucopyranose and tetramethy] fructofuranose have practically 
identical R, values. Unlike the corresponding fraction from the hydrolysis of methylated 
inulin which contained about 40% of the glucose derivative so that a partial separation by solvent 
extraction was effected, the overwhelming proportion of tetramethy] fructofuranose in the methyl- 
ated triticin hydrolysate prevented the adoption of such a course in the present instance. An 
estimation of the quantity of reducing tetramethyl aldohexose was therefore carried out by 
hypoiodite oxidation, since this reagent has no action on tetramethyl fructofuranose (Part I, 
loc. cit.), and gave a result corresponditg to the presence of 2‘2% of tetramethyl glucopyranose 
in the total hydrolysate. This quantity is considsrably less than that required (3°7%) fc’ one 
glucopyranose end-group per 28 fructose units, but it is also considerably less than the total 
quantity of glucose known to be present in triticin. An examination of fraction II and of a 
small intermediate fraction revealed the presence of a trimethyl glucose (0°9%) chromato- 
graphically identical with 2 : 4 : 6-trimethy] glucose, and a dimethy] glucose (1°6%) was estimated 
to be present in fraction III. These figures are based entirely on the assumption that partly 
methylated fructoses are completely resistant to alkaline hypoiodite. It is by no means certain 
that these partly methylated glucoses have any structural significance for it is likely that they 
arise, in part, from incomplete methylation which might explain the apparently low yield of 
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tetramethyl glucose. If the figures for the methylated glucoses are taken as a whole, however, 
the possibility that the glucose produced by the hydrolysis of triticin is derived from an associated 
glucosan such as starch is negatived because of the high proportion of tetramethyl glucose to 
trimethyl glucose, even if the dimethyl glucose is included in the latter figure. Before the 
hypothesis that triticin contains a sucrose-type end-group can be fully substantiated, however, 
it will be necessary to develop methods for the separation of relatively small quantities of 
methylated glucoses from the corresponding fructofuranose derivatives. 


EXPERIMENTAL. 


The Free Sugar Content.—Couch-grass rhizomes (Agropyron repens) collected at New Graden, Rox- 
burghshire (April, 1948), were cleaned and milled in a ‘‘ Christy—Norris ’’ hammer mill (No. 18 mesh 
screen). The milled roots (800 g.) were continuously extracted with 80% aqueous alcohol (3 1.) for 14 
hours in a copper Soxhlet extractor. The yellow extract was concentrated under reduced pressure, 
alcohol being removed as an alcohol—water azeotrope, and the aqueous solution clarified by filtration 
through “ Filter Cel’ and evaporated under reduced pressure, to yield a dark, viscous syrup (103 g.). 


Paper chromatography indicated the presence of glucose, fructose, and a disaccharide (?). Estim- 
ation of the simple sugars by the method of Flood, Hirst, and Jones (jJ., 1948, 1679) gave fructose 17-4% 
and glucose 3-4% (mean of 2 determinations). The disaccharide was extracted from the paper, 
hydrolysed by heating it with N-sulphuric acid (10 c.c.) for 4 hours, neutralised with barium carbonate 
and concentrated to a syrup. Examination on the paper chromatogram showed glucose (mainly), 
fructose, and xylose. 


Paper chromatograms run in an acidic solvent [acetic acid (10%)-n-butanol (40%)—water (50%) | 
and developed with o-phenetidine-trichloroacetic acid showed no evidence for the presence of uronic 
acid. The naphtharesorcinol test for uronic acid also gave a negative reaction. 

The residue from the above alcoholic extraction (660 g.) was available for the extraction of the fructosan 
from the milled roots. : 

Extraction of the Fructosan.—Extracted milled couch-grass roots (10 g.) were shaken with cold water 
(100 c.c.) in the presence of barium carbonate and toluene for 4 hours. The aqueous extract was filtered 
through cotton wool, and protein removed by the addition of a saturated solution of basic lead acetate 
in water at 60° until precipitation appeared complete. After filtration, lead ions were removed as 
sulphide, hydrogen sulphide removed by aeration, the aqueous solution concentrated (40°/15 mm.), 
and the fructosan precipitated by pouring of the concentrated solution (20 c.c.) into alcohol (600 c.c.) 
dropwise with constant stirring. he white fibrous solid was reprecipitated twice from water with 
alcohol, washed with alcohol and ether, and dried in a vacuum-desiccator. The fine white hygroscopic 
powder so obtained (1-48 g.) had [a]}’ —43° (c, 1 in water) [Found: ash (as sulphate), 3-5; protein, 
2-0 (from Kjeldahl-N) ; ethanol, 1-9%] (sample A). 

Other methods of removal of protein were then studied, the technique otherwise being the same as 
that described above. 

(i) The aqueous extract was shaken with chloroform (0-25 vol.) and n-butanol (0-1 vol.) (Sevag et al., 
J. Biol. Chem., 1938, 124, 425), protein being removed as a white, stable gel. After 10 repetitions of the 
process, protein removal appeared complete. The fine, white, hygroscopic powder, after 2 reprecipit- 
ations, had [a}}’ —44° (c, 1-0 in water) [Found : ash (as sulphate), 5-0; protein, 1-6; ethanol, 1-5%)] 
(sample B). 

(ii) Addition of neutral lead acetate solution at 40° till precipitation appeared complete, followed by 
removal of lead ions as sulphide and removal of last traces of protein with chloroform—butanol, yielded, 
after 2 reprecipitations, a fine white powder which had [a]j —33° in water (Found: ash, 3-5% (as 
sulphate) } (sample C). 

(iii) Variations on the method described by Fujita and Iwatake (Biochem. Z., 1931, 242, 43) for the 
removal of protein with cadmium hydroxide were studied. 

(a) To a solution of cadmium sulphate (CdSO,,8H,O; 1 g.) in water was added n-sodium hydroxide 
(7-8 c.c.), and the suspension of cadmium hydroxide added dropwise to the boiling aqueous extract in 
the presence of barium carbonate. Cadmium was removed as sulphide and the last traces of protein 
with chloroform—butanol. The fine, white powder had [a]} —28° (in water) (sample D). 


(b) Addition of a cadmium hydroxide suspension, as above, followed by removal of cadmium ions 
by elution through ‘“ Zeocarb-Deacidite’ ion-exchange columns and treatment with chloroform-— 
butanol, yielded a fine white powder with [a}]}’ —48° (in water) (sample E). 


(c) To the boiling aqueous extract (barium carbonate present) was added cadmium sulphate (1 g.) 
and, after 1 minute, N-sodium hydroxide (5 c.c.), and cadmium was removed as sulphide. The product 
had [a}}? —36° (in water) (sample F). 

(d) By using the technique outlined in (c) followed by removal of ionic material by elution through 
ion-exchange columns, a fine white powder with [a]}? —44° (in water) was obtained (sample G). 

(iv) A specimen of impure polysaccharide (3-5 g.; [a}}# —29° in water) was dissolved in dry pyridine 
(40 c.c.) according to Pacsu and Mullen’s method (J. Amer. Chem. Soc., 1941, 68, 1487). Acetic anhydride 
(40 c.c.) was added to the solution with stirring and the whole shaken for 20 hours. Acetylated triticin 
was precipitated with water (1 1.) and washed thoroughly with water, and the white powder dried in a 
vacuum-desiccator over calcium chloride. After reprecipitation from chloroform with light petroleum 
(b.p. 60-—80°) a fine white powder (2-2 g.; Ac, 420%) was obtained with [a]}? —11° (c, 2-0 in 
chloroform). 








[1951] Studies on Fructosans. Part II. 1827 


The acetate was dissolved in dry chloroform (15 c.c.), cooled in a freezing mixture, and deacetylated 
by the addition of a solution of sodium (0-1 g.) in absolute ‘methanol (5 c.c.). The semi-solid mixture 
was shaken for 5 hours, ice-water (5 c.c.), acetic acid (2 c.c.; 10%), and water (13 c.c.) were added and 
the deacetylated product was precipitated from the concentrated aqueous layer with alcohol. This 
yielded a fine, white, hygroscopic powder (0-9 g.), [a]}? —44° (in water) [Found : ash (as sulphate), 
4-3%) (sample H). 

All the samples of purified triticin described above reduced Fehling’s solution slightly, after boiling 
gently for 15 minutes, but a similar effect was also observed with pure sucrose. 


Hydrolysis of Triticin.—The purified triticin (E) was hydrolysed by. pontine it with oxalic acid 
solution (10 c.c.; 1%) at 80°, hydrolysis being complete in 10 minutes ({alf? —48° —-> —84°, constant). 
After neutralisation with calcium carbonate, ions were removed by aohieg * with “‘ Amberlite’’ ion- 
exchange resins [IR-100(H) and IR-4B(OH)}. Paper chromatograms run in benzene—butanol—pyridine— 
water (1 : 5: 3°: 3) indicated the presence of fructose and glucose. 

The fructose produced on hydrolysis was estimated directly by a colorimetric method. To 5 c.c. 
of a solution of “ acid reagent ’’ (130 g. of glycerol B.P., 100 c.c. of AnalaR concentrated hydrochloric 
acid containing 45 mg. of copper sulphate b pyr came y per l., and 50 c.c. of water) were added a solution 
of resorcinol in water (0-45%) (1 c.c.) and a standard fructose solution (2 c.c.), and the tube was fitted 
with a close-fitting glass bulb at the mouth. After thorough mixing, the contents of the tube were ee 
in a boiling water-bath for exactly 12 minutes, cooled at once in running water, and then read 
blank carried through the process simultaneously, the Spekker a tiometer (1-cm. cells and filter Ls. 
violet 601) being used. A standard curve for fructose was constructed over the range 0-02—0-20 mg. /c.c., 
a linear relation being found between log J/I, and concentration. A standard solution of pure poly- 
saccharide ({a]}’ —48°) containing 0-1 mg./c.c. was made, and the fructosan solution treated according 
to the method outlined above. From the standard graph, the fructose produced on hydrolysis was 
estimated as 91-8% (mean of 2 determinations). 

The glucose liberated on hydrolysis of purified triticin was estimated as 4.8% after separation on the 
chromatogram, by oxidation with sodium metaperiodate as described by Hirst and Jones (loc. cit.). 


Autohydrolysis of Triticin.—Purified triticin (sam le B) was dissolved in water (10 c.c.) and heated 
on the boiling water-bath to constant rotation: [a]}’ —44° (zero) —» —46° (3 hours) —>51° (12 
hours) ——> — 54° (16 hours) ——> — 75° (19 hours) ——» —81° (24 hours), constant. 


The aqueous solution was concentrated to a syrup under reduced pressure, and duplicate paper 
chromatograms run in ethyl acetate—acetic acid—water (3: 1:3). One, sprayed with naphtharesorcinol 
reagent, as described by Partridge (Biochem. J., 1948, 42, 238), showed the presence of fructose, a fructose 
derivative (Rg = 0-056) and 2 spots travelling at approximately the same rate as sucrose and turanose. 
The other, sprayed with ammoniacal silver nitrate, showed the presence of fructose, glucose, and a 
reducing spot (Rg = 0-056). 

Other samples of triticin gave the same results on autohydrolysis. 

Acetylation of Triticin.—Triticin (34 g.) was dissolved in dry pyridine (400 c.c.), according to Pacsu 
and Mullen, and acetic anhydride (400 c.c.) added with stirring. After 48 hours’ shaking, the acetate 
was ——— with water, washed thoroughly with water, and dried in a vacuum-desiccator over 
calcium chloride and finally in a vacuum oven at 40°/30 mm. over concentrated sulphuric acid. The 
buff-coloured solid (42 g.) was reprecipitated twice from chloroform solution with light petroleum 
(b. p. 60—80°), the resulting product (37-5 g.; Ac, 448%) having [a}}? —11° (c, 3-0 in chloroform). 
Fractionation of the acetate (32-7 g.) from chloroform (350 c.c.) with light petsctoum & p- 60—80°) 
gave (a) 8-3 &- {Ac, 41-3%, [a]}? —9° (c, 3-0 in chloroform)}; (6) 11-5 g. o% 41-9%, [a]}? —9° (c, 3-0 in 
chloroform)}; (c) 5-0 g. {Ac, 42:2% , [a}}? —9° (c, 3-0 in chlorosorm)}; ( d) 6-6 g. {Ac, 42-9%, {a}? —7° 
(c, 1-5 in ch oroform)} ; and, by evaporation, (e) 0-6 g. {Ac, 45-6%, [a]? 2 “6° (c, 1-5 in chloroform)}. 

Viscosity measurements. The viscosities of the various fractions (1% solution in chloroform) were 
determined in a closed Ostwald viscometer at 20° : 


Average time of flow (secs.), 
Fraction. 4 solvent. solution. TNep.- 
a , , 69-2 0-058 
b 69-7 0-065 
c 60-0379 68-5 0-047 
d 0-0400 67-5 0-032 
e 0-0570 68-7 0-050 
* c = concn., in g.-mol. of repeating unit per litre. 


Methylation of Triticin.—Fractions I and II of the fractionated acetate (19 g.) were dissolved in 
acetone (500 c.c.), and methyl sulphate (210 c.c.) and sodium hydroxide solution (560 c.c.; 30%) were 
added simultaneously with efficient stirring, the reaction being carried out at 40° and in an atmosphere 
of nitrogen. The acetone was then removed under diminished pressure and the temperature slowly 
raised to 75°, whereupon the partly methylated material was obtained as a brown, hard, solid mass. 
The product was methylated twice more by this ure and was then washed free from sulphate 
with boiling water (21). The crude pale yellow solid (11-9 g.) was then methylated with — iodide 
(85 c.c.) and silver oxide (60 g.), and the product precipitated from chloroform with lig nal! te, 10 in 
(b. p. 60—80°). This yielded a fine white powder (9-7 g.; OMe, - *3%) which had [a}}? per (c, 1-0 in 


chloroform). Fractionation from chloroform (70 c.c.) with ligh t petroleum (b. p 6 —80° ) gave (a) 
5-2 g. {OMe, 41-4%, [a]l? —60° (c, 1-0 in chloroform)}; (b) 2- 4g. {OMe, 41-0% ; Fait —60° (c, 1-0 im 


chloroform)}; and, by evaporation, (c) 1-06 g. {OMe, 40-56%; [a]? —55° (c, 1-0 in chloroform)}. 
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Viscosity measurements. These were determined in m-cresol solution at 20°, by means of an Ostwald 
viscometer. 


Average time of flow (secs.), 
Fraction. c. solvent. solution. 
a 0-0163 442-4 449-1 
b 0-0184 Pe 445-3 
c 0-0156 pe 446-2 


A portion (2-05 g.) of fraction (a) was methylated with methyl iodide (100 c.c.) and thallous ethoxide 
(2-5 g.) to yield a white solid (1-92 g.; OMe, 43-4%). This was combined with a sample from a trial 
methylation (OMe, 43-2%), and the total (2-70 g.) again methylated with thallous ethoxide—methyl 
iodide to yield a fine white powder (2-56 g.; OMe, 44-6%) [Found, ash (as sulphate), 0-5%]. 

Hydrolysis of Methylated Triticin and Separation of Methylated Fructoses.—The methylated poly- 
saccharide (2-46 g.) was dissolved in methanol (75 c.c.) and water (25 c.c.) containing oxalic acid (1 g.) 
and heated at 80° for 24 hours. Methanol was removed as a methanol—water azeotrope until finally a 

urely aqueous solution (1% with respect to oxalic acid) was obtained, and the solution heated at 80° 
or 5 hours. After neutralisation with calcium carbonate, the solution was evaporated to a syrup at 
40°/15 mm., the syrup extracted with boiling chloroform, and the extract dried (Na,SO,) and evaporated 
to yield a mobile syrup (2-72 g.) which was dried in a vacuum-desiccator over phosphoric oxide. 


Fractionation on the Cellulose Column.—The hydrolysate (2-70 g.) was se ted into its component 
sugars by elution through a column of powdered cellulose (15 x 14” x 1}’’) with 50% light petroleum 
(b. p. 100—120°)-50% n-butanol saturated with water. Every tenth tube was evaporated and spotted 
on the chromatogram. Duplicate paper chromatograms were run, one being sprayed with urea oxalate 
to detect methylated fructoses, and the other with aniline oxalate to detect methylated aldoses. 


The tetramethy! fraction (I), found in tubes 51—110, was estimated colorimetrically, by a process 
similar to that described earlier for the determination of fructose. A standard curve was constructed 
for chromatographically pure tetramethy] fructofuranose over a range 0-05—0-25 mg./c.c. in saturated 
benzoic acid solution in water, a linear relationship being found between log J/J, and concentration. 
The runs were repeated upon different standard solutions of tetraethyl fructofuranose, whereupon 
excellent agreement was obtained. Somewhat lower readings were obtained with a supposedly pure 
specimen but examination on the chromatogram showed trimethyl fructose to be present as an impurity. 


Concn. (mg./c.c. 0-25 0-20 0-175 0150 0125 0-10 0-075 0-050 


Spekker reading (log I/I,), 


chromatographically pure 0-642 0523 0-440 0380 0-323 0-256 0-191 0-116 
In order to investigate a quantitiative method for the partitioning of tetramethyl fructofuranose 


from butanol-light petroleum—acetone into a saturated benzoic acid solution in water, a control experi- 
ment was performed. A solution of.chromatographically pure tetramethyl fructofuranose in n-butanol 
(50%)-light petroleum (50%) saturated with water was made. The solvent was removed as an ae 
at 40°/15 mm., a saturated solution of benzoic acid in water being added from a dropping funnel. 
aqueous solution was filtered into a 1-l. graduated flask, then diluted to the mark, and the tetramethyl 
fructofuranose estimated colorimetrically on 2-c.c. aliquot portions. This gave an estimated recovery 
of 102-2%. 

Fraction I from the cellulose column was then diluted to 1 1., and two 15-c.c. samples were withdrawn 
and submitted individually to the above colorimetric estimation. The tetramethyl fructofuranose in 
fraction I was estimated as 1-06 g. (mean of 2 determinations). 


Fraction I was then evaporated to a syrup (40°/15 mm.), extracted with water, and filtered through 
“ Filter Cel.”’ After removal of the solvent by evaporation, a mobile syrup (1-098 8) was obtained 
which was dried in a vacuum-desiccator over phosphoric oxide. The syrup had [a]}¥ +34° (c, 1-0 in 
water), was chromatographically pure, and gave a slight pink colour with aniline oxalate. The pro- 
portion of tetramethyl glucopyranose was estimated as 5-1% by oxidation with alkaline hypoiodite as 
described by Hirst, McGilvray, and Percival (J., 1950, 1297). It was concluded that fraction I contained 
0-056 g. of tetramethyl glucopyranose and 1-06 g. of tetramethyl fructofuranose. 


The trimethyl fraction (II), found in tubes 184—451 from the cellulose column, was studied gravi- 
metrically. This yielded a viscous syrup (0-381 g.) which was dried in a vacuum-desiccator over 
phosphoric oxide. The syrup (OMe, 38%; mn}? 1-4688) had [a]}® —28° —-» —33-5° (c, 1-0 in water) 
and the aldose content was estimated as 4-0% by oxidation with alkaline hypoiodite, so that fraction II 
contained 0-366 g. of trimethyl fructose and 0-015 g. of trimethyl glucose. The dimethyl fraction (III), 
found in tubes 581—1020, yielded a viscous syrup (1-047 g.) which was dried in a vacuum-desiccator over 
phosphoric oxide. This syrup (OMe, 27-4%; mni8 1-4782) had [a]?? —61° (c, 1-0 in water). The aldose 
content was estimated as 3-9% by alkaline hypoiodite oxidation. Fraction III, therefore, contained 
0-041 g. of dimethyl glucose and 1-006 g. of dimethyl] fructose. 


Intermediate III (tubes 452—580) on evaporation yielded a syrupy residue (17 mg.). Examination 
on the paper chromatogram showed the presence of a pink spot (aniline oxalate) travelling at the same 
rate as 2: 4: 6-trimethyl glucose. The aldose content was estimated as 49%, corresponding to 8-3 mg. 
of trimethyl glucose. This, combined with the aldose content of fraction II, gives a total estimate of 
23-3 mg. of trimethyl glucose. 


Identification of Fraction 1.—The tetramethyl] fructose was identified as tetramethyl fructofuranose 
by conversion into tetramethyl! fructofuronamide, according to Avery, Haworth, and Hirst (J., 1927, 
2308). After three crystallisations from ether, long fine needles were obtained, having m. p. 98—100°, 
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not depressed on admixture with an authentic imen, [a]}¢ —76° (c, 1-0 in water) [Found : C, 48-2; 
H.7-7, N. 58: OMe, 46-6. Calc. for C,,HyO,N : ‘ 


C, 48-2; H, 7-6; N, 56; OMe, 49-8%). 


Identification of Fraction 11.—Treatment with periodate as described by Bell (J., 1948, 992) gave 
0-91 mole of formaldehyde per mole of trimethyl sugar. 


Fraction II (0-202 g.) on treatment with a freshly prepared solution (0-5%) of hydrogen chloride in 
anhydrous acetone underwent the following p mmm 4 in rotation: {aj}? +4° (zero); +12° (5 mins.); 
+15° (25 mins., constant). The solution was poured into a saturated solution of sodium hydrogen 
carbonate (50 c.c.) and extracted continuously with or light petroleum (b. p. 40°) in a liquid 
extractor until no further material was extracted. extract was evaporated (reduced pressure), 
and dried in a vacuum-desiccator overnight to yield a colourless mobile syrup (42 mg.) which distilled 
in a high vacuum (bath-temp., 85°; pressure, 0-04 mm.). The distillate had oe + 46° (c, 1-0 in water) 
and gave a strong positive test for combined acetone (Found : OMe, 35-0% ; 1-4480). 


After extraction with light petroleum the aqueous solution was concentrated to a syrup at 40°/15 mm. 
and extracted with chloroform, and the extract dried (Na,SO,) and evaporated to yield a viscous syrup 
(99 mg.) which was dried in a vacuum-desiccator over phosphoric oxide. The syrup (OMe, 38% 

1-4640) had ad [ali —53° «. 1-4 in water), was chromatographically pure, and rapidly crystallised 
Kan sented one a crystal of 1 : 3: 4-trimethyl fructose. 

Authentic 3 : 4 : 6-trimethy] fructose, on treatment with a solution (0-5%) of hydrogen chloride in dry 
acetone, underwent the following in rotation : [a]jJ +30° (zero); +70° (5 mins.); +75° (25 mins., 
constant). The solution was h carbonate solution and extracted with 
chloroform, and the chloroform extract dried (Na,SO po: vy tee distilled in a high 
vacuum (bath-temp., 65° ; ure 0-005 mm.). distillate (n}? 1-4446) {a}i® +64° (c, 0-4 in 
acetone) and [a)}* +71° (c, -2 in water). 

Further proof that the trimethyl fraction was a mixture of 3 : 4: 6- and 1 : 3: 4-trimethy! fructose 
was obtained by hydro an oe the remainder of fraction (a) of methylated triticin and elution through 
a long column of po cellulose (27 x 14” x 1’) with 50% gece od light petroleum 
saturated with water. Under these conditions, the two trimethy] fructoses separated 


Trimethy] X, a viscous pale yellow syrup, travelled 2 the same rate on the Guiengen as authentic 
3: 4: 6-trimethyl fructose. Thesyrup (OMe, 38% ; n}® 1-4650) had [a}}? +32° (c, 1-5 in water) and under- 
went the following change in rotation in a solution of The peod chloride in dry acetone : {alf® +31° 
fowre); +69° (5 mins.); +75° (25 mins., constant). roduct distilled in a high vacuum (bath- 

mp., 85°; pressure, 0-02 mm.) as a mobile syrup (n}} 1- “4510) which had [a}}? +64° (c, 1-0 in water) 
a which liberated acetone on acid hydrolysis. 


Trimethyl Y, a viscous syrup, travelled more slowly than authen tic 3 : 4: 6-trimethyl fructose on 
the chromatogram. The syrup (OMe, se; nv? 1- 3s) had [a)}® —51-5° (c, 1-0 in water). ae 
seeded with authentic 1:3: 4-trimethyl fructose, the syrup rap idly c . After draini 

rous tile, the crystallin i ». 40-—60° ) and crys 

m light ng 7 °, showed no Seotadee ol of 
m. p. on admixture with an authentic end of 1:3: 4trimethyl ictose. 

Identification of Fraction I11.—Treatment with periodate as described by Reeves (J. Amer. Chem. 
Soc., 1941, 63, 1476) gave 2-0 moles of formaldehyde per mole of dimethyl sugar. Oxidation according 
to Bell (J., 1948, 992) gave 1-64 moles of formaldehyde per mole of dimethyl sugar. 


Osazone formation. To the dimethyl fructose syrup (0-18 g.) was added a solution of phenylhydrazine 
hydrochloride (0-7 g.) and crystalline sodium acetate (1-4 g.) in water (5c.c.). A little sodium hydrogen 
sulphite was added and the mixture heated on a water-bath at 80° for 30 minutes. On cooling, a red oil 
separated which, on trituration with water, rapidly hardened to yield a yellow amorphous solid (0-036 g.), 
m. p. 74—78°. By he heating of the aqueous solution at 100° for a further 4 hours, a pale yellow, amorphous 
solid separated (0-045 g.), m. p. 78—79° (Found: C, 60-3; H, 7-1; N, 13-90; OMe, 14-9. . for 
CyH,.O,N,: C, 62-2; H, 6-7; N, 14-5; OMe, 16-0. Calc. for C,,H,,O,N,H,O: C, 594; H, 6-9; N, 
13-9: OMe, 15-3%). 


A small sample of the material crystallised as long, fine, yellow needles, m. p. 124—126°, from ether- 
light petroleum (b. P. 60—80°) on being seeded with authentic 3 : 4-dimethy] glucosazone kindly rovided 


by Dr. D. 5 Bell. Them. p. of the crystalline material (Found : C, 62-5; H,6-9. Calc. for C,,H,,O,N, 
C, 62-2; H, 6-7%) was not depressed on admixture with authentic 3 : 4-dimethyl glucosazone. 


mt Bo with periodic acid. To the dimethyl fructose syrup (0-82 g.) was added periodic acid 
(25 Ba.; 1-15Mm.), and the solution set aside at 15° for 36 hours. After aeration of the solution for 
24 hours, barium chloride (2-3 g.) and excess of barium carbonate were added and the solution was 
filtered. Bromine (4 c.c.) and barium carbonate (2 g.) were added and the solution was kept at room 
temperature for 36 hours. Bromine was removed by aeration, the solution was neutralised with silver 
carbonate and filtered, and silver ions were removed as sulphide. The solution was evaporated to dry- 
ness (40°/15 mm.), the last traces of water being removed by the addition of methanol and, finally, 
anhydrous methanol. The residue was boiled overnight with methanolic hydrogen chloride (60 c.c. 
4%), and the solution neutralised with silver carbonate, filtered and evaporated to a syrup. The 
syrup was purifie| by extraction with chloroform and finally a ee ina me vacuum (bath- 
temp., 105°; pressure, 0-2 mm.). The colourless, mobile distillate (0-55 g.) had m}? 1-4325 and [a}}* 
—17-6° (c, 1-7 in methanol). 
A portion of the distilled dimethyl (—)-p-dimethoxysuccinate (0-167 g.) was dissolved in methanolic 
—— (2 c.c.) and set aside at 0° for 3 days. Crystals of (—)-p-dimethox _—— (0-14 g.) 
ted, having m. 5 278°, [aji® —92° (c, 1-0 in water) (Found: C, 40-9; H 6 6-8 , 16-2; OMe 
342. Calc. for CgH,,0O,N, : 4 40-9; H, 6-8; N, 16-9; OMe, 35-2%). 
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The remainder of the distilled dimethyl (—)-p-dimethoxysuccinate (0-343 g.) was dissolved in 
methanolic methylamine (2 c.c.), and the solution kept at 0° for 3 days. Crystals of (—)-p-dimethoxy- 
succinobismethylamide (0-123 §) separated, m. p. 207—-208°. By evaporation of the filtrate, a further 
crop of crystalline material (0-218 g.) was obtained. On crystallisation from ethyl acetate the material 
separated as — needles, m. p. 208—209°, unchanged on admixture with an authentic specimen. 
This material had (a}}® —134° (c, 1-2 in water) (Found : C, 47-3; H, 7-85; N, 13-7; OMe, 29-5. Calc. 
for CgH,,0,N,: C, 47-0; H, 7-8; N, 13-7; OMe, 30-4%). 

The Molecular Weights of Acetylated and Methylated Triticin.—These were determined by the micro- 
molecular-weight method of Barger (J., 1904, 285), as modified for high polymers by Caesar, Gruenhut: 
and Cushing (/. Amer. Chem: Soc., 1947, 69, 617). Droplets of a 5-089 solution of acetylated triticin 
{fraction (a)| in chloroform were compared in capillary tubes with solutions of sucrose octa-acetate 
(4—8 x 10-*m.), a travelling microscope accurate to 0-02 mm. being used. The isopiestic condition was 
found to lie at an approximate concentration of 6 x 106-°m., whence the molecular weight of acetylated 
triticin (a) appears to be of the order 8380, corresponding to a chain length of 29 C,,H,,O, units. 

By using a 1-13% solution of methylated triticin [fraction (b)] in chloroform against solutions of 
sucrose octa-acetate (2—9 x 10-°m.), the equilibrium point was found to lie between 2 x 10 and 
3 x 10-°m-sucrose octa-acetate, from which the molecular weight of methylated triticin (6) appears to 
lie between 3750 and 5250, corresponding to a chain length of 18—25 C,H,,O, units. 

The Oxidation of Triticin with Periodate.—(i) Uptake of periodate. To purified triticin (0-2813 g. ; 
sample E) in water (35 c.c.) sodium metaperiodate solution (15 c.c.; 0-3mM.) was added and the solution 
set aside in the dark at room temperature. The amount of periodate remaining in comparison with a 
blank was determined by the addition of excess of 0-1N-sodium arsenite solution and potassium iodide, 
and titration with 0-1N-iodine [Found: 0-75 hour, 0-88; 1-5 hours, 0-92; 3-0 hours, 0-96; 20 hours, 
1-00 moles per 8 C,H,,.O, (constant)}. 

(ii) Determination of formic acid liberated. To triticin (0-2885 g.; sample E) in water (35 c.c.), 
potassium chloride (1 g.) and sodium metaperiodate solution (15c.c.; 0-25m.) were added, and the solution 
was shaken in the dark at room temperature. Samples (5 c.c.) were withdrawn at intervals, periodate 
was destroyed with ethylene glycol (0-3 c.c.), and the formic acid was titrated with 0-01N-sodium hydroxide 
(methyl-red). A blank experiment was performed simultaneously. The following figures represent the 
number of C,H,,O, residues per mole of formic acid liberated: 73 hours, 37-9; 120 hours, 31-9; 168 
hours, 30-1; 240 hours, 29-4; 380 hours, 29-1. 

(iii) Production of formaldehyde. On application of the phenylhydrazine hydrochloride—potassium 
ferricyanide colour reaction to the solution of periodate-oxidised triticin, after destruction of periodate 
with sodium arsenite, a negative reaction was obtained. 
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400. Studies on Fructosans. Part III.* A Fructosan from 
Lolium perenne. 


By R. A. Larpiaw and S. G. RErp. 


A fructosan from early perennial rye-grass (Lolium perenne), on hydrolysis, 
gave p-fructose (98%) and p-glucose (2%). Acetylation, methylation, and 
hydrolysis yielded 1 : 3: 4 : 6-tetramethyl p-fructose (4%), 1 : 3 : 4-trimethyl 
p-fructose (93%), and 3: 4-dimethyl p-fructose (2°8%), along with small 
amounts of aldose derivatives and a trace of fructose. It is concluded that the 
methylated fructosan has a unit chain length of ca. 25—30 residues. 


CHALLINOR, HAworts, and Hirst (J., 1934, 1560) in their investigations on the fructosan from 
rough-stalked meadow grass (Poa trivialis) showed this polysaccharide to be of the levan type. 
Methylation and hydrolysis yielded 1 : 3 : 4-trimethyl p-fructofuranose together with a small 
quantity of more fully methylated material. Similar results were obtained for the fructosan 
from barley leaves (Haworth, Hirst, and Lyne, Biochem. J., 1937, 31, 786) and for phlein, isolated 
from the roots of timothy-grass (Phleum pratense) (Schlubach and Sinh, Annalen, 1940, 544, 
101). In the present investigation a similar product from early perennial rye-grass (Lolium 
perenne) has been studied. 

The rye-grass used was oven-dried milled material prepared from grass cut in May, 1949, 
at the Jealott’s Hill Agricultural Research Station. After preliminary extractions with ether 


* Part II, Arni and Percival, preceding paper. 
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and ethanol, the fructosan was extracted from the grass with water. Hydrolysis of the purified 
material and analysis of the product by paper chromatography (Hirst and Jones, J., 1949, 1659; 
Laidlaw and Reid, Nature, 1950, 166, 476) showed the presence of fructose (98%) and glucose 
(2%). 

Simultaneous deactylation and methylation of the fructosan acetate, followed by treatment 
with silver oxide and methyl iodide, fractional precipitation, methylation with thallous ethoxide 
and again with the Purdie reagents, gave a methylated fructosan (OMe, 44°4%). This was 
hydrolysed and the mixture of sugars separated on a cellulose column (Hough, Jones, and 
Wadman, /., 1949, 2511). Three fractions were obtained, corresponding to those previously 
observed on the paper chromatogram to be tetramethyl! fructofuranose, a trimethyl fructose, 
and a dimethy!] fructose. 

Because of its volatility, the tetramethyl] fructofuranose in fraction I was estimated by a 
colorimetric method (Bell and Palmer, J., 1949, 2522; Arni and Percival, Part II, preceding 
paper). The results indicated the presence of ca. 4% of tetramethyl fructose in the hydrolysate. 
The identity of the sugar was confirmed by conversion into the crystalline tetramethyl p-fructo- 
furonamide (Avery, Haworth, and Hirst, J., 1927 2313). Hypoiodite oxidation showed the 
presence of ca. 9% of tetramethy] aldose in I. 

Fraction II (93%) crystallised almost completely and on recrystallisation showed m. p. 74°, 
not depressed on admixture with an authentic specimen of 1: 3: 4-trimethyl p-fructose. 
Oxidation with alkaline hypoiodite indicated that only very small amounts of aldose derivatives 
were present in this fraction. 

Fraction III was a syrup (ca. 3%), [a] —50°. Oxidation with sodium metaperiodate gave 
formaldehyde (1°78 moles/mole). The yield of formaldehyde, taken in conjunction with the 
specific rotation, makes it highly probable that the main component of fraction III is 3 : 4-di- 
methyl p-fructose. Oxidation of III with alkaline hypoiodite showed it to contain ca. 9% of 
dimethyl aldose. 

In their studies on Italian rye- and leafy cocksfoot-fructosans, Bell and Palmer (Biochem. 
J., 1949, 45, xiv) calculated a chain length of 14 units from the yield of tetramethyl fructo- 
furanose, which is about half the present estimate. They also reported the presence of an 
appreciable amount of dimethyl] fructoses. 

Barger’s method (Barger, J., 1904, 286; Caesar, Gruenhut, and Cushing, J. Amer. Chem. 
Soc., 1947, 69, 617) was used in an attempt to estimate the molecular weights of the acetylated 
and methylated fructosan. With the methylated material, no satisfactory results could be 
obtained; with the acetylated product, at a concentration of ca. 1%, the observed molecular 
weight corresponded to a molecule of ca. 20—30 C,H,,O, units, although on increasing the con- 
centration of the solution it appeared that all the droplets tended to increase in size, a phenomenon 
previously noted by Barger for compounds of high molecular weight. Bell and Palmer (loc. 
cit.) have also reported the molecular weight of perennial rye-grass levan to be of the order of 
5000. 

Oxidation of the polysaccharide with potassium metaperiodate (Brown, Halsall, Hirst, 
and Jones, J., 1948, 27) yielded 1 mole of formic acid per 20 C,H,,O, residues. Oxidation 
with sodium metaperiodate showed that ca. 1°02 moles of periodate were used up for every 
C,H,90, residue, in accordance with the conception of a molecule composed of fructofuranose 
residues linked through the 2 : 6-positions. 

When the crude fructosan was heated with water for several days at 100° and the products 
were examined on the chromatogram, spots were obtained corresponding to sucrose, glucose, and 
fructose. Hydrolysis of the first material gave glucose and fructose. The possibility exists, 
therefore, that the chain is terminated, not by a reducing fructose units, but by fructose and 
glucose linked as in sucrose as recently proposed for inulin (Hirst, McGilvray, and Percival, 
Part I, J., 1950, 1297). This would account for the non-reducing properties of the fructosan ; 
furthermore, in a polysaccharide of this type, oxidation with periodate should yield only one 
mole of formic acid from each chain (from the glucopyranose residue). The chain length 
determined by this method would then be ca. 20 units, in reasonable agreement with that deduced 
from methylation data. 

It cannot be decided on the present evidence whether branching of the chain occurs, or 
whether the dimethyl derivative isolated is an artifact due to incomplete methylation. 
Similarly, no significance can be attached at pxesent to the small amount of fructose isolated 
from the products of hydrolysis of the methylated polysaccharide. 

The small quantities of aldose derivatives present in the hydrolysate precluded any detailed 
structural investigations. It was evident, however, that a relatively large proportion of these 
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appeared in the fully methylated fraction. A polysaccharide of such a structure as in the 
annexed formula would yield, after methylation and hydrolysis, tetramethyl fructofuranose and 
tetramethyl] glucopyranose in equal amounts, whereas the experimental figures for tetramethyl 
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aldose are much lower. This divergence may be caused by hydrolysis of the labile sucrose 
linkages during the processes involved in the preparation of the methylated fructosan. Never- 
theless, this explanation is only tentative and further work will be necessary before any detailed 
structure can be established. 


EXPERIMENTAL. 


Evaporations were conducted under diminished pressure. Temperatures recorded are bath-temper- 
atures. Fractions from the cellulose column were evaporated to ess, dissolved in water, digested 
with charcoal, and filtered hot; the aqueous solution was then evaporated to dryness and exhaustively 
extracted with boiling acetone, and the extracts were evaporated to dryness. 


Preparation of the Polysaccharide.—Early perennial rye grass (oven-dried; 450 g.; cut, May 3rd, 
1949) was exhaustively extracted in a Soxhlet ap tus for 48 hours with ether. The solvent was then 
changed to alcohol containing 20% of water, and the extraction continued for a further 60 hours. The 
residue was removed, dried in air, and extracted with water (5 1.) at room temperature with continuous 
shaking for 5 hours. The grass was removed by filtration and washed with water, and the extract and 
washings were combined and evaporated to 21. The solution was heated to 95°, cadmium sulphate 
solution (100 c.c.; 10%) and sodium hydroxide (50 c.c.; 0-5N.) were added, and ‘the whole was kept 
at 95° for 3 minutes. After cooling, the protein complex was removed by filtration through “ Filter 

Cel” (cf. Doak, N.Z. J. Sci. Tech., 1939, 21, 908). The clear filtrate was deionised on columns of Amber- 
lite resins (IR100 and IR4B), and the last traces of protein were removed by shaking the solution with 
chloroform aud butanol (Sevag, Lackmann, and Smollens, J. Biol. Chem., 1938, 124, 425), six treatments 
being required. Evaporation of the neutral solution to 200 c.c. and digestion with charcoal gave a clear 
red solution from which the polysaccharide was precipitated by ethanol (41.). The brown product was 
separated by filtration, redissolved in water (1500 c.c.), digested with charcoal at 40° for 30 minutes, 
refiltered, and evaporated to 180 c.c. The fructosan was precipitated by pouring the solution into 
methanol containing 25% of light petroleum (b. p. 60—80°), whereupon it separated as a highly 
hygroscopic cream-coloured solid. The polysaccharide was dissolved in water (60 c.c.) and freeze-dried 
to yield a crisp brownish solid (20 g.). 


Acetylation.—The impure fructosan (19 g.) was dissolved in water (200 c.c. . Bag nn (300 c.c.) 
added, and the azeotrope removed at 40° (Pacsu and Mullan, J. Amer. Chem. 1941, 63, 1487). 
Aiter several additions of pyridine and evaporation the solution was concentrated re > 350 c.c., and acetic 
anhydride (350 c.c.) added with stirring during 6 hours at room ae peat the reaction vessel being 
cooled in a water-bath. Next morning the acetate was precipitated by pouring the mixture into water 
(10 1.).. The cream-coloured solid was removed by ditration and thoroughly washed with water. 
The last traces of pyridine were removed over concentrated sulphuric acid in a vacuum-desiccator. 
The acetate was dissolved in chloroform, and the solution dried (Na,SO,) and evaporated to 200c.c. The 
product was precipitated by pouring the solution into light petroleum (b. p. 40—60°; 2-5 1.), and 
after filtration was washed with light petroleum and dried in a high vacuum over calcium chloride and 
paraffin wax. The product (25 g.) had [a)jf +19° (¢ 1-7 in chloroform) and 428 /c’ 1-95 (chloroform) 
where c’ is the concn. in g.-mols. of C,,H,,O, per 1. (Found: Ac, 44-4. Calc. for C,,H,,0,: Ac, 
44-6%). 

Deacetylation.—The acetyl compound (2 g.) in chloroform (10 c.c.) was cooled in a freezing mixture, 
and a solution of sodium (0-1 g.) in absolute methanol (5 c.c.) added (cf. Zemplen and Pacsu, Ber., 1929, 
62, 1613). The mixture was shaken for 4 hours, and ice-water (5 c.c.) added, followed by acetic acid 
(2c.c.; 10%) and finally water (13 c.c.). The regenerated fructosan was precipitated from the aqueous 
layer by methanol-light petroleum as before. The product (0-73 g.) showed {a|}* —46° (c, 0-7 in water). 

Hydrolysis.—The regenerated fructosan (0-145 g.) was heated with oxalic acid (20 c.c.; 0-1N) at 70°. 
[a}j? were —58° (15 mins.); —83° (45 mins., constant). Neutralisation, filtration, and evaporation 
gave a reducing syrup (0-1 g.) which was shown by investigation on the paper chromatogram (loc. cit.) 
to contain fructose, 98%, and glucose, 2%. 


Periodate Oxidation.—The fructosan (0-2541 g.) was dissolved in water (35 c.c.), and sodium meta- 
periodate (15 c.c.; 0-3m.) added. The —— uptake, determined by the arsenite method, was 
constant after 1 day at a value of 1-02 moles of periodate per C,H ,,O, residue. 


Oxidation with potassium metaperiodate (loc. cit.) gave the following results (expressed as the 
number of C,H,,O, residues per mole of formic acid liberated): 43 (18 hours); 23 (144 hours); 21 
(240 hours); 20 (350 hours). 
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Methylation.—The acetate (15 g.) was dissolved in acetone (300 c.c.) and methylated 3 times with 
methy] sulphate and sodium hydroxide at room temperature in an atmosphere of nitrogen. The product 
was then methylated twice with silver oxide and methyl iodide. Dissolution of the methylated fructosan 
in — followed by fractional precipitation with light petroleum (b. p. 40—60°) gave the follow- 
ing fractions. 


Fraction. i .). OMe (%). (a}}8 (chloroform). 
1 48 42-7 —57° 
: —651° 


Fraction 3 was obtained by evaporation of the residual solution. 


Fractions | and 2 were recombined, and the product (5-6 g.) was dissolved in chloroform and methy!l- 
ated once with thallous ethoxide and methyl iodide. The product (4-8 g.; OMe, 43-7%) was methylated 
3 times with the Purdie reagents to give a methylated fructosan (3-8 g.), (a}}? —57° (c, 1-5 in chloroform) 
(Found : OMe, 44-4. Calc. for C,H,,0,: OMe, 45-6%). 


Hydrolysis and Fractionation.—The methylated fructosan (3-4 g.) was heated with methanol (100 c.c.) 
and water (33 c.c.) containing oxalic acid (1-35 g.) at 80° for 24 hours. A small amount of insoluble 
material was removed by filtration, water (300 c.c.) added, and the methanol-water azeotrope removed 
by distillation. The solution was evaporated to ca. 150 c.c. (35°/15 mm.) and heated at 80° for 5 hours 
(constant rotation). Neutralisation, evaporation to small volume (35°/15 mm.), extraction of the residue 
with boiling acetone, and evaporation of the extracts almost to dryness (30°/15 mm.) yielded a thin 
syrup, in which examination by the paper chromatogram indicated the presence of tetramethyl fructo- 
furanose, a trimethy! fructose, and a dimethyl] fructose. These sugars were separated on a cellulose 
column (70 x 3cm.) with light petroleum (b. p. 100—120°)—butanol (7 : 3) saturated with water as eluent 
(Hough, Jones, and Wadman, Joc. cit.), to give fractions I, II, and III. 

Fraction I contained tetramethyl] fructofuranose and tetramethyl glucose only. The solution was 
evaporated to small volume (35°/15 mm.), and water (300 c.c.) was added. By repeated evaporations 
and additions of water an aqueous solution of fraction I was finally obtained. An aliquot portion of this 
was removed and saturated with benzoic acid. The tetramethyl fructofuranose content of this solution 
was estimated colorimetrically by using resorcinol (Part II, loc. cit.). The weight of tetramethyl fructo- 
furanose found in I was 97 mg. 

The remainder of the sclution containing I was evaporated to dryness (35°/15 mm.). Hypoiodite 
oxidation of a portion of this syrup (Part I, Joc. cit.) showed the presence of ca. 10 mg. of tetramethyl 
aldose in I. 

Fraction I showed [a]p +39° in water (c 0-5). The syrup (40 mg.) was oxidised according to the 
method of Avery, Haworth, and Hirst (loc. cit.) with nitric acid. Treatment of the product with 
methanolic ammonia (2 c.c.) at 0° for 48 hours yielded tetramethyl p-fructofuronamide which after several 
recrystallisations from ether-light petroleum (b. p. 60—80°) had m. p. 97—99°, not depressed on 
admixture with an authentic specimen. 

Fraction II (2-28 g.) crystallised. The whole was spread on a porous tile, and the solid material, 
on recrystallisation from carbon tetrachloride-light petroleum (b. p. 40—60°). had m. p. 74°, not de- 

ressed on admixture with an authentic specimen of 1: 3: 4-trimethyl p-fructofuranose. It had 
ar —27° (5 mins.); —43° (15 mins.); —55° (1 hour); —57° (19 hours); —58° (68 hours, constant), 
in water (c 1-8) (Found: C, 48-6; H, 8-0; OMe, 40-7. Calc. for C,H,,0,: C, 48-6; H, 8-2; OMe, 
41-9%). 

Extraction of the tile with boiling acetone and evaporation of the extract gave a small amount of 
syrup. This had an Rg value on the paper chromatogram corresponding to that of 1 : 3 : 4-trimethyl 
fructose and gave the characteristic ketose colour with urea oxalate. Periodic acid oxidation of the 
syrup (Reeves, J]. Amer. Chem. Soc., 1941, 68, 1476) gave formaldehyde, identified by the coloration 
with phenylhydrazine hydrochloride—potassium ferricyanide—hydrochloric acid. Hypoiodite oxidation 
indicated the presence of a very small amount of aldose derivative. 

Fraction III (63 mg.) was obtained as asyrup. Investigation on the paper chromatogram indicated 
it to be composed of a dimethyl fructose along with small amounts of tri- and tetra-methyl fructoses. 
The syrup, [a]}? —50° in water (c 0-6) (12 mg.), was dissolved in water (2 c.c.) and allowed to react with 
sodium metaperiodate (2c.c.; 0-3m.) and sodium hydrogen carbonate (2 c.c.; LN.) for 40 hours whereupon 
the formaldehyde liberated was estimated as the dimedon complex (Reeves, Joc. cit.). 29-1 Mg. of complex 
were obtained, having m. p. 175° not d on admixture with an authentic specimen; this corre- 
sponds to a yield of 1-78 moles of formaldehyde per mole of dimethyl fructose. An estimation run on 
xylose simultaneously and under the same conditions gave a yield of formaldehyde corresponding to 
1-03 moles/mole. 


Treatment of the syrup III (30 mg.) in water (6 c.c.) with recrystallised phenylhydrazine hydro- 
chloride (50 mg.), sodium acetate (30 mg.), and a small amount of sodium hy en sulphite at 100° 
for 1 hour gave, on cooling, a light yellow osazone. When separated at the centrifuge, washed several 
times with water, and dried in a vacuum-desiccator in the dark over phosphoric oxide, this had m. p. 
92—103°. Attempted recrystallisation was unsuccessful. 


Oxidation of III with alkaline hypoiodite indicated the presence of ca. 6 mg. of dimethyl] aldose in 
i 


this fraction. 

Hypoiodite Oxidation of Fructose Derivatives.—(a) 1:3: 4-Trimethyl p-fructose. A sample of this 
sugar was recrystallised several times for use in the following investigation. e sugar samples (5-05 mg.) 
were oxidised with alkaline hypoiodite as above. Water k titres (c.c.; 0-02n-sodium thiosulphate), 
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10-837, 10-817. Sample: 10-789, 10-821. Thus the difference between sample and blank is of the 
order of only 0-02 c.c., and may be neglected. 


(b) 1:3: 4: 6-Tetramethyl p-fructose. The sample used in this preparation was a synthetic one. 
The syrup samples (6-10 mg.) were oxidised as above. Water blank titres, 10-870, 10-860, and 10-850 c.c. 
Sample titres, 10-745, 10-744, and 10-753 c.c. The difference here is of the order of 0-1 c.c. This 
divergence may be ascribed to impurities in the sample. 

Molecular Weight by Barger's Method.—Barger’s capillary technique (/oc. cit.) was used in an attempt 
to determine the molecular weights of acetylated and methylated fructosan. Droplets of a solution of 
known concentration were compared with solutions of sucrose octa-acetate (2—12 x 10-.), readings 
being taken with a travelling microscope. By using a 1% solution of the methylated polysaccharide, 
the isopiestic condition was found to be at concentrations of sucrose octa-acetate greater than 12 x 10m. 
This indicates a very low molecular weight and clearly the method is inapplicable here. With 1% 
solutions of the acetate a molecular weight in the region of 5000 was found ; attempts to increase the 
accuracy of the estimation by using stronger polysaccharide solutions, however, were abortive. 


Autohydrolysis.—(a) A portion of the crude fructosan (1 g.) was dissolved in water (300 c.c.) and 
heated at 100° for 24 hours. Evaporation of the solution and investigation on the paper chromatogram 
showed the presence of fructose, a small amount of glucose, some apparently unchanged polysaccharide 
at the starting line, and a small amount of material with a Rq value corresponding to that of sucrose. 
This material was se ted on the paper, extracted, and hydrolysed with oxalic acid (2%; 20 c.c.) 
at 90° for l hour. Neutralisation, filtration, evaporation, and chromatography showed the presence of 
glucose and fructose. The sugar mixture was redissolved in water and heated at 100° for a further 72 
hours. The solution was then evaporated to small volume and poured into excess of ethanol, a pre- 
cipitate being obtained. This material was removed at the centrifuge and heated with oxalic acid 
(2%; 10 c.c.) at 100° for 2 hours. The only sugar identified in the hydrolysate was arabinose (paper 
chromatogram). The ethanolic solution was found to contain glucose and fructose only. 

(b) A sample (1 g.) of the fructosan purified by acetylation and deacetylation was treated in the same 
manner. Very similar results were obtained except that here no araban was detected, it presumably 
having been removed during the acetylation process. 

The authors thank Professor E. L. Hirst, F.R.S., and Dr. E. G. V. Percival for their interest and 
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401. An Aldehyde of the Phenothiazine Series. 
By No. Pu. Buv-Hoi and Nc. Hodn. 


10-Methylphenothiazine is shown to undergo readily the N-methyl- 
formanilide aldehyde synthesis, and the compound thus obtained to be 
3-formyl-10-methylphenothiazine. From this aldehyde, several styryl 
derivatives have been prepared for cancer research, and the thiosemicarbazone 
and its cyclisation products with various «-halogenated fatty acids have been 
synthesised for testing as antitubercular substances. 


Tue phenothiazine series offers manifold attractions to pharmacologists, not only because of 
the several valuable antiseptic and antihistaminic derivatives found therein, but also because 
the parent compound itself is of strikingly versatile activity. Thus, phenothiazine has been 
found to be an insecticide (Campbell, Sullivan, and Smith, J. Econ. Entomol., 1934, 27, 1176), 
an anthelmintic (Harwood, Jerstad, and Swanson, J. Parasit., 1938, 24, Suppl., 16), a urinary 
antiseptic (Thomas, J. Pharmacol. Exp. Therap., 1938, 64, 280; de Eds and Thomas, J. Parasit., 
1942, 28, 363), and an outstanding tuberculostatic compound (Freedlander, Proc. Soc. Exp. 
Biol. Med., 1944, 57, 106; Jouin and Buu-Hoi, Amn. Inst. Pasteur, 1946, 72, 580). This is the 
more surprising in that the chemical properties of phenothiazine have hitherto been scarcely 
investigated. 

Of its reactions with carbonyl compounds, only Friedel-Crafts acetylation (Baltzly, 
Harfenist, and Webb, J. Amer. Chem. Soc., 1946, 68, 2673; Michels and Amstutz, ibid., 1950, 
72, 888) and phthaloylation (Scholl and Seer, Ber., 1911, 44, 1243) have been investigated. 
In these reactions, the substituents enter positions 2 and 8, and from thesé findings Baltzly, 
Harfenist, and Webb concluded that in the phenothiazine molecule the orientation must be 
controlled by the sulphur atom rather than by the NH group. The present work shows, how- 
ever, that 10-methylphenothiazine lends itself to the N-methylformanilide aldehyde synthesis 
to give 3-formyl-10-methylphenothiazine (I) in excellent yield. That the aldehyde group had 
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entered position 3 exclusively was proved by Wolff—Kishner reduction of (I) to 3 : 10-dimethy]- 
phenothiazine (II), which was independently synthesised from 3-methylphenothiazine (Gilman 
and Shirley, J. Amer. Chem. Soc., 1944, 66, 891) by N-alkylation with methyl sulphate. This 
result is not surprising, as it had already been shown that in N-methylformanilide syntheses 
with 9-alkylcarbazoles the orientation is controlled by the nitrogen atom and not by the other 
aromatic nucleus (Buu-Hoi and Hoan, ibid., 1951, 78, 98). The control exerted by the sulphur 
atom observed by Baltzly, Harfenist, and Webb in Friedel-Crafts reactions is due to the de- 
activating effect of N-acetylation. 
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3-Formy]-10-methylphenothiazine lent itself to the usual reactions of aromatic aldehydes. 
For instance, condensation with 2 : 4 : 6-trinitrotoluene in the presence of piperidine as catalyst 
(Pfeiffer and Monath, Ber., 1906, 839, 1306) readily yielded 10-methyl-3-(2 : 4 : 6-trinitrostyry])- 
phenothiazine (III). For purposes of comparison, 9-ethyl-3-(2 : 4 : 6-trinitrostyryl)carbazole 
(IV) was prepared in the same way from 3-formy]-9-ethylcarbazole. 

Condensation of 3-formyl-10-methylphenothiazine with various arylacetonitriles in the 
presence of aqueous potassium hydroxide (see Buu-Hoi and Hoan, J., 1950, 2130; 1951, 251) 
gave substituted acrylonitriles of general formula (V) (seven individuals were prepared). 
10-Methy]-3-styrylphenothiazine (VI), the parent of these acrylonitriles, was obtained by the 
action of benzylmagnesium chloride on the aldehyde (I), and subsequent dehydration of the 
resulting secondary alcohol. All these ethylenic compounds have biological interest in con- 
nection with Pinck’s theory of the possible carcinogenicity of substances of structure analogous 
to stilbene (Pinck, Ann. N.Y. Acad. Sci., 1948, 50, 1). 

In view of the known tuberculostatic properties of aldehyde thiosemicarbazones (Domagk, 
Behnisch, Mietzsch, and Schmidt, Naturwiss., 1946, 38, 315) on the one hand, and of phenothi- 
azine on the other, 3-formyl-10-methylphenothiazine thiosemicarbazone was prepared. Con- 
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densation of this with a-halogenated fatty acids (cf. Chabrier, Bull. Soc. chim., 1947, 14, 797; 
Chabrier and Cattelain, ibid., 1950, 17, 48; Wilson ef ai., J., 1922, 121, 876; 1923, 128, 799; 
1926, 253) led easily to 3-formyl-10-methylphenothiazine 4-keto-2-thiazolinylhydrazones of 
general formula (VII). These substances, listed in the Table in the Experimental section, 
unlike the starting thiosemicarbazone, are but feebly tuberculostatic. 


EXPERIMENTAL. 


3-Formyl-10-methylphenothiazine (1).—Redistilled 10-methylphenothiazine (60 g.; prepared b 
methylation of phenothiazine with methy! sulphate and sodium hydroxide in acetone), N-methyl- 
formanilide (42 g.), phosphorus oxychloride (42 g.), and o-dichlorobenzene (60 c.c.) were heated for 
4 hours on a steam-bath to 90—95°. After cooling, an aqueous solution of sodium acetate (180 g. in 
400 c.c. of water) was added, and the solvent and N-methylaniline were removed by steam-distillation. 
The residual oil was taken up in toluene, the toluene solution dried (Na,SO,), the solvent removed, 
and the residue vacuum-fractionated. 3-Formyl-10-methylphenothiazine (80%) formed from methanol 
long silky yellow needles, m. p. 89°, b. p. 270—280°/13 mm., giving a brown colour with sulphuric acid 
— : C, 69-6; H, 46. C,,H,,ONS requires C, 69-7; H, 45%). The corresponding semicarbazone 
ormed from ethanol fine greenish-yellow needles melting at 232° and resolidifying into a red mass, m. p. 
276°. The thiosemicarbazone crystallised from ethanol in fine yellow needles, m. p. 227° (Found : 4 . 
17-5. C,,H,,N,S, requires N, 17-8%). On nitration with fuming nitric acid (d, 1-49) in acetic acid at 
0°, 3-formyl-10-m:thylphenothiazine gave a compound crystallising irom acetic acid in fine yellow 
prisms, m. p. 279°, probably the corresponding nitrosulphoxide. 

3 : 10-Dimethylphenothiazine (II).—(a) A mixture of the foregoing aldehyde (3 g.), 85% hydrazine 
hydrate (3 g.), potassium hydroxide (3 g.), and diethylene glycol (50 c.c.) was cautiously refluxed with 
removal of water until the temperature reached 195—200°, refluxing being then continued for a further 
hour. After cooling, the mixture was diluted with much water, and the precipitated dimethyl derivative 
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collected and recrystallised from ethanol (yield, 90%); it formed long, shiny, colourless, sublimable 
needles, m. p. 148° (Found: C, 73-7; H, 5-7. C,H, NS requires C, 74-0; H, 5-7%). 

(6) A solution of 3-methylphenothiazine (21 g.) in acetone (250 c.c.) containing sodium hydroxide 
(6 g., dissolved in some water) was shaken with methyl sulphate (18 g.), and the acetone removed by 
distillation. The residue was taken up in benzene, the benzene solution washed thoroughly with water 
and dried (Na,SO,), the solvent removed, and the 3: 10-dimethylphenothiazine purified by vacuum- 
distillation (b. p. 240°/13 mm.). 

10-Methyl-3-(2 : 4 : 6-trinitrostyryl)phenothiazine (III).—A _ solution of 3-formyl-10-methylpheno- 
thiazine (2-4 g.) and 2: 4: 6-trinitrotoluene (2-3 g.) in ethanol was refluxed for 6 hours with 3 drops of 
piperidine. After cooling, the precipitated trinitrostyryl compound was collected and socryutelliond 
from o-dichlorobenzene, giving fine violet needles, m. p. 264°; the halochromic coloration with 
sulphuric acid was brown (Found: C, 55-8; H, 3-2. C,,H,,O,N,S requires C, 56-0; H, 31%). 

9-Ethyl-3-(2 : 4 : 6-trinitrostyryl)carbazole (IV).—Similarly prepared from 9-ethyl-3-formylcarbazole 
(2-3 g.), 2: 4: 6-trinitrotoluene (2-3 g.), and piperidine in ethanol, this compound formed from toluene 
fine red needles, m. p. 255°, giving with sulphuric acid an orange colour, becoming rapidly green (Found : 
C, 61-0; H, 3-9. C,,H,.O,N, requires C, 61-1; H, 3-7%). 

10-Methyl-3-styrylphenothiazine (V1).—To an ethereal solution of benzylmagnesium chloride (from 
3-2 g. of benzyl chloride and 0-6 g. of magnesium), 3-formyl-10-methylphenothiazine (5 g.) was added 
in small portions. After 10 minutes’ boiling, the reaction mixture was worked up in the usual way, 
and the crude carbinol obtained dehydrated with 98% formic acid. The styryl compound formed 
(4 g.) from acetic acid fine greenish-yellow prisms, m. p. 152°, giving with sulphuric acid a violet-red 
colour (Found: C, 79-7; H, 5-5. C,,H,,NS requires C, 80-0; H, 5-4%). 

B-(10-Methyl-3-phenothiazinyl)-a-phenylacrylonitrile (V; Ar = Ph).—A solution of 3-formyl-10- 
methylphenothiazine (2-4 g.) and phenylacetonitrile (1-3 g.) in warm ethanol was shaken with some 
drops of 30% aqueous potassium hydroxide; the oily product which separated quickly solidified after 
poo: ah and yielded on recrystallisation from ethanol-benzene fine orange needles (2-8 g.), m. p. 120° 
(Found: C, 77-7; H, 49. C,,H, N,S requires C, 77-7; H, 47%). This and the following acrylo- 
nitriles (all crystallised from ethanol—benzene) gave with sulphuric acid a violet halochromic colour. 

B-(10-Methyl-3-phenothiazinyl)-a-p-tolylacrylonitrile, obtained as above from (I) (2-4 g.) and p- 
tolylacetonitrile (1-4 g.), formed fine orange needles, m. p. 117° (Found: C, 77-6; H, 5-0. C,,H,,N,S 
requires C, 77-9; H, 5°1%). 

B-(10-Methyl-3-phenothiazinyl)-a-2-naphthylacrylonitrile (from B-naphthylacetonitrile (1-8 g.)} formed 
orange prisms, m. p. 199° (Found: C, 79-8; H, 48. C,,H,,N,S requires C, 80-0; H, 4-6%). 

a-p-Fluorophenyl-B-(10-methyl-3-phenothiazinyl)acrylonitrile formed long orange-yellow needles, m. p. 
154° (Found: C, 73-6; H, 4-2. C,,H,,N,SF requires C, 73-7; H, 4-1%). 

a-p-Chlorophenyl-B-(10-methyl-3-phenothiazinyl)acrylonitrile was obtained as fine orange leaflets, 
m. p. 202° (Found: C, 70-4; H, 4-1. C,,H,,N,SClI requires C, 70-7; H, 4-0%). 

a-p-Bromophenyl-B-(10-methyl-3-phenothiazinyl)acrylonitrile [from p-bromophenylacetonitrile (cf. 
Buu-Hoi and Hoan, /., 1951, 251)) crystallised in fine orange leaflets, m. p. 204° (Found: C, 62-9; H, 
3-8. C,,H,,N,SBr requires C, 63-0; H, 36%). 

a-p-Iodophenyl-B-(10-methyl-3-phenothiazinyl)acrylonitrile—The p-iodophenylacetonitrile used was 
prepared from 4-iodobenzyl chloride (the product of chloromethylation of iodobenzene) and sodium 
cyanide in acetone. The acrylonitrile formed fine orange leaflets, m. p. 172° (Found: C, 56-4; H, 3-1. 
Cy3H,,N,SI requires C, 56-6; H, 3-2%). 

Preparation of the 4-Keto-2-thiazolinylhydrazones (VII).—A suspension in acetic acid of 3-formyl-10- 
methylphenothiazine thiosemicarbazone was refluxed for 6 hours with the theoretical amount of the 
appropriate a-halogenated fatty acid in the presence of sodium acetate; after cooling, the precipitate 
formed was collected and recrystallised several times from acetic acid or toluene. The products thus 
obtained (see Table), as well as the starting thiosemicarbazone, were extremely difficult to burn and gave 
very poor carbon and hydrogen analyses. 


4-Keto-2-thiazolinylhydrazones (VII). 
N, %, 
Acid used. -p- Formula. Found. Reqd. 
Chloroacetic C,,H,N,OS, 
a-Bromobutyric C,,H,,N,OS, 
a-Bromoisovaleric N ,O! 
2-Bromohexanoic 
a-Bromopalmitic 
a-Bromostearic... CysHygN,OS. 


Full biological results of the tuberculostatic and anthelmintic tests, performed by Professor M. 
Welsch (Liége) with the compounds described in this work, will be published elsewhere. Our thanks 
are due to Miss P. F. Boshell, M.A. (Oxon.), for assistance with this work. 


DEPARTMENT OF ORGANIC CHEMISTRY, THE RADIUM INSTITUTE, 
UNIVERSITY OF Paris. [Received, March 29th, 1951.] 
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402. The Reduction of p-Quinones with Lithium Aluminium 
Hydride. 
By E. Boytanp and D. Manson. 


Reduction of 1:4-naphthaquinone with lithium aluminium hydride 
yields 1:2: 3: 4-tetrahydro-1 : 4-dihydroxynaphthalene and 1:2: 3: 4- 
tetrahydro-4-hydroxy-1-ketonaphthalene, but that of 2-methyl-1 : 4-naphtha- 
quinone (menaphthone) gives 1: 2:3: 4-tetrahydro-4-hydroxy-1-keto-3- 
methylnaphthalene, and 1: 2: 3: 4-tetrahydro-1 : 4-dihydroxy-2-methyl- 
naphthalene. The reduction of anthraquinone gives 9: 10-dihydro-9 : 10- 
dihydroxyanthracene in good yield. This dihydrodihydroxyanthracene 
appears to be a hitherto undescribed isomer. 


INJECTION of naphthalene, anthracene, or phenanthrene into animals is followed by the 
excretion of trans-1 : 2-glycols (Booth and Boyland, Biochem. J., 1949, 44, 361; Boyland and 
Wolf, ibid., 1950, 47, 64). Such trans-glycols identical with the metabolites were synthesised by 
reduction of the corresponding o-quinones with lithium aluminium hydride (Booth, Boyland, 
and Turner, J., 1950, 1188). Additional evidence for the trans-configuration was obtained by 
optical resolution of the synthetic 9 : 10-dihydro-9 : 10-dihydroxyphenanthrene (Booth, Boyland, 
and Turner, J., 1950, 2808). In view of the reduction of o-quinones to ylycols it seemed of 
interest to extend the reaction to p-quinones. 

Reduction of 1 : 4-naphthaquinone with excess of lithium aluminium hydride appeared to 
give a 1: 2:3: 4-tetrahydro-1 : 4-dihydroxynaphthalene, a viscous oil which was characterised 
as the dibenzoate (I), and a keto-alcohol characterised as the benzoate (II) and the 2: 4- 
dinitrophenylhydrazone. 

Reduction of 2-methyl-1 : 4-naphthaquinone gave different neutral alcoholic products 
according to the conditions (see Table), although the main product of the reaction was the 
quinol (III). The dihydroxy-derivative (IV) on dehydration gave 2-methylnaphthalene and 
is the saturated dialcohol corresponding to the biologically active quinone. The saturation of 
the 2: 3-bond in this reaction is analogous to the 1 : 4-addition of hydrogen to dibenzoy]- 
ethylenes by lithium aluminium hydride (Lutz and Gillespie, J. Amer. Chem. Soc., 1950, 72, 
2002). 

In an attempt to avoid the hydrogenation of the 2 : 3-bond the reduction was carried out with 
less lithium aluminium hydride. Under these conditions a keto-alcohol (V) was isolated. The 
proposed structure is advanced because the compound has (i) a functional keto-group, (ii) an 
alcoholic hydroxy] group, and (iii) absorption spectra resembling that of acetophenone (Fig. 1), 
and also because it yields 3-methyl-l-naphthol on dehydration with acid. 
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When the reduction was carried out with 1 g. of lithium aluminium hydride and 10 g. of 
methylnaphthaquinone the only neutral product isolated was the keto-alcohol (V), whether 
the reaction was carried out at — 10°, 25°, or the boiling point of ether. When twice as much 
lithium aluminium hydride was employed the main neutral product of the reaction depended 
on the temperature and solvent employed: thus reaction at —10° in ether generally gave the 
best yields of the keto-alcohol (V), but at 10° in tetrahydrofuran yielded the dihydric alcohol 
(IV) with a small amount of the keto-alcohol (V); at higher temperatures with the lerger 
quantity of reductant in ether or tetrahydrofuran the first product to crystallise was (IV) ‘but 
small amounts of (V) were also produced. 

The vitamin-K activity of these new water-soluble derivatives has been determined by 
Dr. Inger Kruse and Professor Henrik Dam at the Department of Biology, Polytechnic 
Institute, Copenhagen, by the method of assay described by Dam, Kruse, and Sgndergaard 
(Acta Physiol. Scandinavica, 1951, 22, 238). 1: 2:3: 4-Tetrahydro-1 : 4-dihydroxy-2-methyl- 
naphthalene (IV) injected in aqueous solution had 1/16 of the activity of menaphthone 
injected in oil (mean result of 5 determinations, 1 pg. of IV = 0-062 ug. of menaphthone). The 
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keto-alcohol (V) had only 1/23 of the activity when tested in the same way (mean result of 
5-determinations, 1 ug. of V = 0-044 ug. of menaphthone). 

The 9: 10-dihydro-9 : 10-dihydroxyanthracene (VI) obtained on reduction of anthraquinone 
was dimorphic, forming needles, m. p. 140° and plates, m. p. 137°. Both these forms appeared 
to be different from the compound, m. p. 195°, obtained by reduction of anthracene photo-oxide 
(Dufraisse and Houpillart, Compt. rend., 1937, 205, 740). They also appear to be different from 
the product obtained by alkaline hydrolysis of the benzoate (Prevost, ibid., 1935, 200, 408). 
The structure ascribed to our compound (VI) is supported by the close resemblance of the 
absorption spectra to that of 9 : 10-diethyl-9 : 10-dihydro-9 : 10-dihydroxyanthracene (prepared 
by the action of ethylmagnesium iodide on anthraquinone) (Fig. 2). Both crystalline forms had 
the same absorption spectra when dissolved in alcohol. 


Fie. 1. Fic. 2. 
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(1), a-Naphthol. (2), 1: 2:3: 4-Tetrahydro-1- (1), 9: 10-Diethyl-9 : 10-dihydro-9 : 10-dihydroxy- 
hydroxy-4-keto-2-methylnaphthalene. (3), anthracene. (2), 9: 10-Dihydro-9 : 10-di- 
Dehydration product of (3). (4), Aceto- hydroxyanthracene. 
phenone. 


The results show that whereas 9: 10-anthraquinone is reduced smoothly by lithium 
aluminium hydride to a dihydric alcohol (dihydrodihydroxyanthracene), naphthaquinone and 
2-methylnaphthaquinone give large amounts of quinols and other products, and we have been 
unable to reduce the naphthaquinones to alcohols without reducing the 2 : 3-bond. 


EXPERIMENTAL. 


Reduction of 1 : 4-Naphthaquinone.—Naphthaquinone (20 g.) was extracted in the Soxhlet apparatus 
with ether (300 ml.; dried over sodium) containing lithium aluminium hydride (4 g.). The quinone 
dissolved in about 2 hours. The ether was cooled to 0° and technical ether (200 ml.) and then water 
followed by 2Nn-sulphuric acid were added to decompose excess of lithium aluminium hydride and the 
complex. The ethereal layer was separated, washed with water and then with 2N-sodium hydroxide 
containing sodium dithionite to remove unchanged quinone and phenolic material, and again with water, 
dried (Na,SO,), and evaporated to dryness. A red oil (6-5 g.), very soluble in ether, alcohol, and benzene, 
but insoluble in light petroleum (b. p. 40—60°), remained. The oil did not crystallise from ether or 
benzene— or cyclohexane-light petroleum. The dried oil was dissolved in dry pyridine (15 ml.), and 
benzoyl chloride added (12 g.). The mixture was set aside for 24 hours at room temperature. Water 
(100 ml.) was added and the oil extracted with ether; the combined extracts were washed with 2n-hydro- 
chloric acid, saturated sodium hydrogen carbonate solution, and water. The ether was evaporated. 
giving an oil (16 g.) which crystallised from alcohol; after 3 days in the cold, plates of irregular shape 
and m, p. 175—185° separated. As fractional crystallisation was unsuccessful, half of the total amount 
of the red oil (8 g.) consisting of mixed benzoates in benzene-cycloliexane (1 : 19) was passed through an 
alumina column (25 x 4 cm.) prepared in the same solvent. Two bands were formed. Elution with 
benzene-cyclohexane (3:7) removed material (0-3 g.) which after crystallisation from alcohol gave 
1 : 4-dibenzoyloxy-1 : 2: 3: 4-tetrahydronaphthalene as elongated plates, m. p. 181—183° (Found: C, 
77-1; H, 5-7. C,,H,,O, requires C, 77-5; H, 5-4%). 

Elution of the column was continued with 2:3, 1:1, 3:2, 7:3, and 4:1 mixtures of benzene and 
cyclohexane; concentration of the eluate from the last solvent mixture yielded a solid residue (3-0 g.) 
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which, after recrystallisation from ethanol and cyclohexane, still a cape to be a mixture (m. p. 75—82°). 
A portion of this material (1- 0 g.) was passed through another co mn of alumina (3 x x 17 cm.) prepared 
in cyclohexane. Elution with cy yielded 1 : 4-dibenzoylox ae 2:3: 4-tetrahydro- 
naphthalene (0-01 g.) and then 4-benzoyloxy-1 : 2: 3: 4-tetrahydro-l-ketonaphthalene (0-5 g.) which, 
crystallised from cyclohexane, had m. p. 94—95° and gave a violet colour with m-dinitrobenzene in 
alcoholic potash (Found: C, 76-5; H, 5-5. C,,H,,O, requires C, 76-7; H, 5-3%). 


The monobenzoate gave, by the standard method, a 2 : 4-dinitrophenylhydrazone, which after two 
crystallisations from benzene formed reddish-orange needles, m. 215—216° (decomp.) (Found: C, 
61-8; H, 43; N, 12-8. C,,H,,0O,N, requires C, 61-9; H, 4-1; N,1 55%). 

1: 2:3: 4-Tetrahydro-| : 4-dihydroxy-2-methylnaphthalene.—2-Methy]-1 : 4-naphthaquinone {10 g.) 
was dried in vacuo and then added slowly down the condenser to a solution of lithium aluminium hydride 
(2 g.) in ether (200 ml.; sodium-dried) under reflux. The solution was boiled for 30 minutes and then 
cooled. Ether (50 ml.; technical), water (5 ml.), and then 2n-sulphuric acid (20 ml.) were added slowly. 
The ethereal solution was extracted successively with 10n-sulphuric acid (2 x 10 ml.), water (10 ml.), 
and 2n-sodium hydroxide (four times). The ethereal solution was dried (NaOH) and evaporated to 
dryness. The residue was recrystallised twice from benzene, to give 1 : 2 : 3 : 4-tetrahydro-1 : 4-dihydroxy- 
2-methyina ee (IV) (0-45 g.), m. p. 182°, soluble in hot water, alcohol, benzene, and chloroform 
(Found : 73-9; H, 81. C,,H,,O, requires C, 74-1; H, 7-9%). 

This alcohol (0-15 g.) in pyridine (2 ml.), with acetic anhydride (2 ml.) overnight, gave the diacetate, 
which crystallised from benzene-light petroleum in white needles, m. p. 115—117° (Found: C, 68-9; 
H, 6-9. C,,H,,0, requires C, 68-7; H, 6-9%). 

Dehydration of 1: 2:3: 4-Tetrahydro-1 : 4-dihydroxy-2-methylnaphthalene.—The dialcohol (0-45 g.) 
was distilled with 5n-hydrochloric acid (80 ml.). 2-Methylnaph me (0-26 g.) distilled over and was 
purified by sublimation at 60°/1 mm.; it had m. p. (alone or with an authentic specimen) 33—34°. The 
picrate, prepared in acetone, had m. p. (alone or mixed with authentic specimen) 113—114°. 

The dialcohol was recovered unchanged from attempted methylations with (a) methyl sulphate and 
sodium hydroxide, (b) methyl iodide, and (c) diazomethane. 

Attempted chromatographic analysis on alumina of the dialcohol did not reveal the presence of more 
than one substance. 

1: 2:3: 4-Tetrahydro-1-hydroxy-4-keto-2-me m poe hthaiene _(V).—2-Methyl-1 : 4-naphthaquinone 
(10 g.) was dissolved in dry ether (750 ml.) at — 10° and an ethereal solution of lithium aluminium hydride 
(2 g.) run in during 30 minutes. The reaction mixture was worked up in the usual way and the neutral 
product after recrystallisation = the keto-alcohol (0-69 g.), m. p. 98° (Found: C, 75-0; H, 7-3. 
C,,H,,0, requires C, 75-0; H, 6-9%). 





The keto-alcohol (0-18 g.), set aside in pyridine (2 ml.) with acetic anhydride (2 ml.) overnight: 
afforded the acetate which Tee from cyclohexane and then had m. p. 120—121° (Found: C, 71-0; 
71-6; H, 


H, 6-7. Cy3H,,O, requires 6-5%). 

Dehydration of Keto-alcohol (V).—The keto-alcohol (0-56 g.) was distilled with 5n-hydrochloric acid 
(100 ml.) in 80 minutes. The solid in the distillate was filtered off and gave 3-methylnaphthol (0-4 g.. 
80%), m. p. 88—90°, solidifying and remelting at 90—91-5°. The product, which was easily soluble in 
alkali, gave a white precipitate with ferric chloride, a pink colour with diazotised sulphanilic acid, a 
mauve colour with diazotised p-nitroaniline, and a green colour with sodium hypochlorite. Schotten- 
Baumann treatment gave a benzoate which, crystallised twice from bog (yield, 0-18 g. from 0-316 g.), 
had m. p. 85—86° (Found : C, 82-0; H, 5-4. Calc. for C,,H,,0. 82-3; H, 5-4%). Tishler, Fieser, 
and Wendler (J. Amer. Chem. Soc., 1940, 62, 2866) report m. p. 16ter for the benzoate. 

The keto-alcohol (0-50 g.) was treated with lithium aluminium hydride (0-10 g.) in boiling dry ether 
for 60 minutes. The neutral alcohol fraction was isolated and yielded 0-40 g. (78%) of 1: 2: 3: 4-tetra- 
hydro-1 : 4-dihydroxy-2-methylnaphthalene, m. p. (alone and mixed with authentic specimen) 181— 
182°. 

The keto-alcohol (0-176 g.), by the standard procedure, gave a 2 : 4-dinitrophenylhydrazone (0-20 g.), 
as red needles, m. p. 235—-237°, soluble in benzene, alcohol, chloroform and ether (Found: C, 57-6; 
H, 4:3; N, 15-9. C,,H,.O,N, requires C, 57-3; H, 45; N, 15-7%). 


Main products from 10 g. of 2-methyl-1 : 4-naphthaquinone and (a) 1 g. or (b) 2 g. of LiAIH,. 


Solvent. Temp. (a) (V),* mg. (b) (IV), mg. (b) (V), mg. 


ENE “iscateethidbordinsedh keh cabtaviceces , 440, 380 180 690, 470, 590, 760 
(mean, 410) 
300 


420 
120 


Tetrahydrofuran p- — 
* No (IV) was isolated in these experiments. 
Reduction of 2-Methyl-1 : 4-naphthaquinone under Different Conditions.—The yields of neutral alcohol 
= given by the reduction with lithium aluminium hydride carried out in ether and tetrahydro- 
‘u 


ran at different temperatures are shown in the Table. In these experiments the lithium aluminium 
hydride in ethereal solution was added to a solution of the quinone. 


Reduction of Anthraquinone with Lithium Hydride.—An uinone (20-8 g., 0-1 mol.; dried over 
phosphoric oxide) was extracted in a Soxhlet apparatus with dry ether (250 ml.) containing lithium 
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aluminium hydride (2-1 g., 10% ee. oe saakichyde the’. of quinone had dissolved. The remaining 
anthraquinone had a t odour o' The ethereal solution was treated as in other 
reactions and the neutral fraction was wes cnet te from benzene, to give a crystalline alcohol as needles, 
but containing some plates (2-8 g.), m. p. 128° preceded by signs of decomposition at 100°. 

This experiment was repeated but with freshly redistilled tetrahydrofuran (250 ml.) in place of ether. 
After 20 hours, 14 g. of quinone were extracted from the Soxhlet thimble. The same neutral solid, 
9 : 10-dihydro-9 : 10-dihydroxyanthracene (V1) (9-6 g.), was isolated. The material, dissolved in warm 
benzene, was washed with sodium hydroxide solution containing sodium dithionite. After being washed 
with water and dried (Na,SO,), the benzene solution was concentrated im vacuo until crystallisation 
commenced. The product (mainly needles but — plates) had m. p. 130—135° (Found: C, 78-9; 
H, 6-1. C,,H,,O, requires C, 79-2; H, 5-7%). The needles alone melted at 140°. The needles which 
first separated contained a little anthraquinone but the plates were never contaminated therewith. 

The product (mixed forms) i 2 with benzoyl chloride gave a dibenzoate which, crystallised 
twice from hexane containing a little benzene, had m. p. 127—128° (Found: C, 79-5; H, 5-1. C,,H,,.O, 
requires C, 80-0; H, 4-8%). 


We are indebted to the late Professor G. A. R. Kon, F.R.S., for the microanalyses and to 
Dr. Joan Booth for the ultra-violet absorption spectra. The Sorat has been supported by 
enerous grants made to the Royal Cancer Hospital by the British Empire Cancer Campaign, the 
ane Coffin Childs Memorial Fund for Medical Research, the Anna Fuller FPund, and the Division of 
esearch Grants of the U.S. Public Health Service. 


CHESTER BEATTY RESEARCH INSTITUTE, 
Roya. Cancer HospitaLt, FutHam Roap, Lonpon, S.W.3. (Received, April 3rd, 1951.) 





403. The Osmotic and Activity Coefficients of Uranyl Nitrate, 
Chloride, and Perchlorate at 25°. 


By R. A. Rosprnson and C, K. Lim, 


Isopiestic vapour pressure measurements have been made on solutions 
of uranyl nitrate, chloride, and perchlorate at 25° from 0-1 m. to 5-5, 3-2, 
and 5-5 m., respectively, and the osmotic and activity coefficients of these 
salts calculated. Some support has been found for the hypothesis that 
addition of UO, leads to formation of the U,O,** ion rather than the 
UO,(OH)* ion. L 


IsOPIESTIC vapour-pressure measurements have already been made on uranyl nitrate 
(Robinson, Wilson, and Ayling, J. Amer. Chem. Soc., 1942, 64, 1469), but subsequent 
measurements on the perchlorate (Boaden, Thesis, Univ. New Zealand, 1946; Stokes, private 
communication) showed a remarkable variation from one preparation to another. In view of 
the interest attached to the activity coefficients of these salts (Sutton, J., 1949,S 275; Glueckauf, 
McKay, and Mathieson, ibid., p. S 299), we have investigated this problem again and find 
that, although the vapour pressures of these salt solutions are very sensitive to any departure 
from the exact stoicheiometric ratio of uranium to anion, yet reproducible results can be 
obtained if care is taken to ensure that this ratio is exact. 


EXPERIMENTAL. 


Uranyl Nitrate.—The preparation used by Robinson, Wilson, and Ayling (loc. cit.) gave a water 
activity a, = 0-8464 at 2m, the most recent values for the reference salt, potassium chloride, being 
used. We now find that uranyl nitrate is very difficult to recrystallize from water; if crystals are 
obtained by excessive boiling and concentration of an acid-free solution, the product is low in the 
NO,/U ratio, and its solution has a comparatively high pH and water activity; conversely, if c 
are obtained from even a moderately acid solution, the F gary is contaminated with acid, the NO,/U 
ratio is high, and, on redissolution, low values of pH and water activity are obtained. Only by 
crystallization from a solution containing the merest trace of acid with only moderate concentration by 
boiling to give a small yield of crystals (or better, by evaporation at room temperature) can a product be 
obtained with the stoicheiometric NO,/U ratio. Five such preparations have been made; in each case 
the pH was measured at 0-2m and the: water activity determined at 2m by equilibration against calcium 
chloride, with the following results : 


Preparation. A. B. Cc. D. E. 


WEE GE OO Ra. ceacce covessccescecssessccoccsuad CED 2-24 2-34 2-35 2-43 
Gy At ZIM. ec cecceececceeceeceeceeeeeececeeeee O°8475 00-8476 0-8472 0-8477 00-8475 


Preparations A, C, and E were used for vapour-pressure measurements over the complete concentration 
range and Table I records the molalities of uranyl nitrate and calcium chloride which were isopiestic. 
Calculation in the usual way gives the osmotic and activity coefficients shown in Table III. 
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In addition, solutions were made containing an excess of either UO, or HNO, and a few isopiestic 
measurements made in the region of 2m, from which values for uranyl nitrate at exactly 2m could 
be interpolated as given in Table II. 

Uranyl Chloride.—A slight excess of uranium trioxide was power wa in hydrochloric acid, the solution 
analysed for uranium as U,O, and chlorine as silver chloride, and wha 9 uisite amount of hydrochloric 
acid added to give the exact Cl/U ratio. Isopiestic measurements (Table I) — made, and osmotic and 
activity coefficients calculated, but results up to 3m are concentrations, 
it was found that hydrogen chloride was lost to the reference \ elebeas chloride solutions on evacuation 
of the desiccator. A few density measurements at 25° were made as follows : 


“ 10 2-0 3-0 40 
ER” consaccepecscese sasssvees 1.1393 1-2732 1-5184 1-7378 1-9337 


Uranyl Perchlorate.—After dissolution of a slight excess of uranium trioxide in perchloric acid, the 
solution was analysed for uranium as U,O, and for perchlorate ion by eo of hy rogen peroxide and 
glass-electrode titration to a H of 4-5 of the liberated acid with alkali. The method was confirmed by 
a similar titration of the stock uranyl chloride solution. Perchloric acid was then added in the requisite 
amount. The results of the vapour-pressure measurements are given in Tables I and III. 


Tase I, 


Molalities of isopiestic solutions ef calcium chloride and uranyl nitrate, chloride, 
and perchlorate at 25°. 
Uranyl nitrate. 


Preparation A. 
UO,(NO,),. CaCl, |UO,(NO,),. CaCl,. ‘ ,UO,(NO,),. . |UO,(NO,),. CaCl,. 
2-356 2 2-664 ; | 3-035 
| 
| 


0-9736 «1-073 1-724 1-869 | } 
1-092 1-202 2008 2151 . . 2-793 
1-216 1-335 2-043 2-188 | ; 2-942 
1-371 1-498 2-282 2-408 S . 2-946 
1-595 1-733 
Preparation C. 
2-245 2-378 
2-422 2-538 
2-661 2-734 
Preparation E. 
01010 0-1032 
01691 0-1755 
0-3034 0-3213 


3-153 
3-401 
3-587 


UO,Cl,. CaCl, } UO,Cl,. .” , Cay 
01047 01065 | 0-4969 0 . 1-413 
0-1328 01363 | 0-6512 0- . 1-526 
02690 02796 | 08087 0- | I 1-759 
03598 03766 | 1-037 . 1-825 
0-3864 04048 | 1-288 


Uranyl perchlorate. 
UO,(CIO,),. CaCl,. /UO,(CIO,),. ' VO,(CIO)»: —_* UO,(C10,),. . |U0,(CI1O,),. 
0-1061 = =0-1141 0-3806 | 2-869 4 4-60 
0-1549 0-1714 0-5733 , 3-289 , 4-853 
0-2078 00-2333 0-7627 ; . , 3-687 
0-2870 03324 | 0-9657 
0-3634 0-4293 1-329 











HNO,, m. UO,, m. NO,/U. 
0-8356 2-418 
0-7020 2-351 
0-3743 2-187 
0-1785 2-089 
0-0894 2-045 


Discussion. 


The activity coefficient of uranyl perchlorate reaches very high values at high concentrations 
and is higher than that of any other electrolyte not excepting magnesium perchlorate. The 
uranyl ion should therefore be heavily hydrated, and it is difficult to believe that uranyl 
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perchlorate undergoes intermediate or complex-ion formation. If a graph is drawn of log y 
against the concentration, the curve for uranyl nitrate occupies a position relative to magnesium 
nitrate comparable with that of uranyl perchlorate relative to magnesium perchlorate. It 
might be expected that the curve for uranyl chloride would be found somewhat above that for 
magnesium chloride. In fact it is only slightly above magnesium chloride in dilute solutions, 
and in concentrated solutions (m > 1-7) the activity coefficient of uranyl chloride is actually less 
than that of magnesium chloride, suggesting that uranyl chloride forms complex salts. 

We have applied Stokes and Robinson’s ‘ hydration’ equation (J. Amer. Chem. Soc., 
1948, 70, 1870) and find that, up to 0-8m the activity coefficient of uranyl chloride can be 
represented by a hydration number m = 15-1 and an ionic diameter of 5-30. Table III 
shows the concordance between observed and calculated activity coefficients. 

It remains now to discuss the variation of the vapour pressures of uranyl nitrate solutions 
on addition of excess of nitric acid or uranium trioxide. The results given in Table II are 
plotted in the figure. This plot represents the change in vapour pressure of a solution which is 
kept constant at 2m-UO,(NO,), concentration but to which either nitric acid or uranium trioxide 
is added. The points are experimental. The straight line on the right of the figure represents 
the values given in the upper part of the last column of Table II calculated on the assumption 


TasBie III. 


Osmotic and activity coefficients of uranyl nitrate, chloride, and perchlorate at 25°. 
UO,(NO,),. UO,Cl,. UO,(CIO,),. 
- 4 m 


¢. y- . y: " 5 ¢. y- 
0-875 0-551 . 0-544 - “92 0-626 
0-899 0-520 2 0-510 | ° 0-634 
0-928 0-518 * 0-520 . . 0-669 
0-960 0-526 “945 0-505 . . 0-723 
0-996 0-542 2 0-517 . “153 0-790 
1-031 0-563 . 0-532 . ‘ 0-871 
1-067 0-587 . 0-549 -552 “3 0-969 
1-105 0-617 . 0-571 ° . 1-087 
1-143 0-651 ‘ 0-595 

1-182 0-689 . 0-620 

1-258 0-773 . 0-678 

1-330 0-868 : 0-744 

1-398 “4 0-816 

1-466 

1-532 

1-673 

1-764 

1-807 

1-809 

1-790 

1-765 

1-753 
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that on the addition of nitric acid both uranyl nitrate and nitric acid contribute to the vapour- 
pressure lowering. The observed lowering is nearly but not quite as great as the calculated, 
but the difference is small and may well be due to increased intermediate-ion formation 
(UO,NO,*) on addition of excess of nitric acid. 

Of more interest is the line on the left of the figure. Uranium trioxide may dissolve 
according to the equation : 


UO,++ + 2NO,- + UO, —>U,0,*+ + 2NO,- 


(U,0,)(NO,), should give a vapour-pressure lowering similar to that of UO,(NO,), but not 
necessarily identical. On the assumption that the addition of the trioxide to a uranyl nitrate 
solution produces (U,0,)(NO,),, we should expect either that the excess of trioxide would not 
alter the vapour-pressure lowering or else that it would have only a slight effect. The 
experimental results show that, if (U,O,)(NO,), is formed, there is a slight effect. The present 
results are consistent with U,O,** formation. However, there is another possibility : 


UO,*+ + 2NO,- + UO, + HyO—»2(U0,-0H)*+ + 2NO,- 


The relative vapour-pressure lowering of 2m-UO,(NO,), is 0-1525. The effect of UO,-OH* 
formation is most easily considered by imagining that the process continues to completion, a 
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2m-UO,(NO,), solution becoming a 4m-UO,(OH)(NO,) solution at NO,/U = 1-0. UO,OH* 
must be a large ion, and the relative vapour-pressure lowering of UO,(OH)(NO,) should not be 
very different from that of lithium nitrate which, at a concentration of 4m, is known to be 
Ap/p® = 0-1672. The complete conversion of 2m-UO,(NO,), into 4m-UO,(OH)(NO,) should 
lead to a change in Ap/p® from 0-1525 to 0-1672, and we cannot be seriously in error if we assume 
that, should the conversion be incomplete, the change will be pro vata. On this assumption, 
the lower portion of the last column of Table II has been constructed, and the line on the left of 
the figure drawn. The experimental points lie very close to it, and it follows that we cannot 
distinguish between U,O,** and UO,(OH)* formation on grounds of vapour-pressure 
measurements on the nitrate and, unfortunately, we cannot offer any evidence for or against the 
hypothesis advanced by Sutton (loc. cit.) of UsO,** formation. 

The perchlorate is, however, different. Our experimental measurements give, at 2m, 
Ap/p® = 0-2216. If addition of uranium trioxide leads to U,O,(CIO,),, the vapour-pressure 
lowering should not be very different. If, however, UO,(OH)(CIO,) is formed and the process is 
complete, a solution of 4m-UO,(OH)(CIO,) is obtained whose vapour-pressure lowering should 
be comparable with that of 4m-lithium perchlorate, which is known to be 0-2056 from Jones's 
work (J. Physical Chem., 1947, 51, 516); i.e., addition of the trioxide should, if UO,(OH)(CIO,) 
is formed, lessen the vapour-pressure lowering in contrast with the prediction about the 
hypothetical UO,(OH)(NO,). Moreover, if insufficient trioxide is added to effect the complete 
conversion into UO,(OH)(CIO,), the expected vapour-pressure lowering can be calculated 
without serious error. We therefore made a final experiment, not reported in the experimental 


Relative vapour-pressure lowering of solutions awe 2m-U0,(NO,), and excess of either UO, or 
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Ratio, NO3/U. 

The circles ave experimental points. The full lines are calculated on the following assumptions : for that 
on the right, that on the addition of HNO, the vapour-pressure lowerings of UO NO,), and HNO, are 
additive ; for that on the left, that on addition of excess of UO, to the solution, UO,( HH) (NO,), with a 
vapour-pressure lowering similar to that of LiNOsg, és formed. 


section above, of the vapour pressures of three solutions of 2m-UO,(CIO,), to which uranium 
trioxide had been added, and compared them with those calculated as described above. We 
obtained the following results : 
COT 00 erared sine 00 565.000 us son cee engeecued: , 2. 1-724 1-894 
BU OI“ asss:th\cnsntecodcieantisenmaianteceaelan TE 0-320 0-112 
ween stasen 0-2292 0-2290 0-2252 
0-2167 0-2172 0-2199 (0-2216) 


This experiment shows that the addition of uranium trioxide increases the vapour-pressure 
lowering instead of decreasing it as is predicted if UO,(OH)(CIO,) is formed. Hence, whilst we 
cannot claim that our experiments prove the formation of U,O,(CIO,),, they are consistent with 
this hypothesis, whilst the formation of UO,(OH)(CIO,) is not consistent with experiment. To 
this extent we can support Sutton’s hypothesis. 

We thank the Chemical Society for a grant from their Research Fund which has assisted this work. 
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404. Phenylpropiolic Acids. Part III.* The Effect of Substituents 
on the Mode of Cyclisation of Substituted Phenylpropiolic Anhydrides. 
By F. G. Bappar and Lanson S. EL-AssAL. 


o-Methoxyphenylpropiolyl chloride and phenylpropiolic acid give a 
mixture of l-o-methoxyphenyl- and 5-methoxy-1-phenyl-naphthalene-2 : 3- 
dicarboxylic anhydride. The derived dibasic acids are decarboxylated to 
l-o-methoxyphenyl- and 5-methoxy-1-phenyl-naphthalene, which are inde- 
pendently synthesised. 

Similarly, o-methoxyphenylpropiolyl chloride and p-nitrophenylpropiolic 
acid give a mixture of l-o-methoxyphenyl-7-nitro- and 5-methoxy-1-p-nitro- 
phenyl-naphthalene-2 : 3-dicarboxylic anhydride. The dibasic acid from the 
former anhydride is decarboxylated to 2’-methoxy-7-nitro-l1-phenylnaphth- 
alene, which on reduction and deamination gives 1-o-methoxyphenylnaphth- 
alene. 

The cylcisation is believed to be preceded by anhydride formation, for 
which a mechanism is put forward. 


In Part II * we reported the effect of substituents on the mode of dimerisation of phenylpropiolic 
acids. It was shown that p-nitro- and p-methoxy-phenylpropiolic acid were converted by 
acetic anhydride into 7-nitro-1-p-nitrophenyl- and 7-methoxy-1-p-methoxypheny]l-naphthalene- 
2 : 3-dicarboxylic anhydride, and we concluded that the formation of 1l-phenylnaphthalene 
derivatives from unsubstituted and substituted phenylpropiolic acids (see Part I, J., 1947, 224, 
for references), independently of the nature of the substituent, is explained if dimerisation 
is preceded by anhydride formation. 

In the present investigation we studied the effect of dissimilar substituents. 

A mixture of o-methoxyphenylpropiolyl chloride and phenylpropiolic acid was refluxed in 
benzene for 24 hours. The product was a mixture of 1l-o-methoxyphenyl- and 5-methoxy- 
1-phenyl-naphthalene-2 : 3-dicarboxylic anhydride in the ratio of about 3:1, with traces of 
5-methoxy-l-o-methoxyphenyl- and 1-phenyl-naphthalene-2 : 3-dicarboxylic anhydride. 

The structure of 1-o-methoxyphenylnaphthalene-2 : 3-dicarboxylic anhydride (VI; R = H) 
was determined by decarboxylation of the derived dibasic acid to 1-o-methoxyphenylnaphth- 
alene (VIII; R = H), identical with a specimen prepared by dehydrogenation of 3 : 4-dihydro- 
l-o-methoxyphenylnaphthalene, which was prepared from a-tetralone and o-methoxyphenyl- 
magnesium bromide (cf. Part II, loc. cit.). The structure of 5-methoxy-1-phenylnaphthalene- 
2 : 3-dicarboxylic anhydride (VII; R =H) was similarly determined by conversion into 
5-methoxy-1-phenylnaphthalene (IX; R = H), identical with a specimen prepared analogously. 

The presence of 1-phenyl- and 5-methoxy-1l-o-methoxyphenyl-naphthalene-2 : 3-dicarboxylic 
anhydride in the product may be due to a double decomposition between o-methoxyphenyl- 
propiolyl chloride and phenylpropiolic acid to give o-methoxyphenylpropiolic acid and phenyl- 
propiolyl chloride. 

A mixture of o-methoxyphenylpropioly] chloride and p-nitrophenylpropiolic acid, refluxed in 
benzene for 36 hours, gave a mixture of l-o-methoxyphenyl-7-nitro- (VI; R = NO,) and 
5-methoxy-1-p-nitrophenyl-naphthalene-2 : 3-dicarboxylic anhydride (VII; R = NO,) in nearly 
equal amounts. 

The structure of the former anhydride (VI; R = NO,) was elucidated by decarboxylation 
of the dibasic acid to 1l-o-methoxyphenyl-7-nitronaphthalene (VIII; R = NO,), which on 
reduction and deamination gave l-o-methoxyphenylnaphthalene (VIII; R = H). 

Attempts to elucidate the structure of the anhydride (VII; R =NO,) by a similar route 
were not successful, since the yields are too small and the product of deamination of 1-p-amino- 
phenyl-5-methoxynaphthalene (IX; R = NH,) failed to solidify even after several months. 
An attempt to synthesise a specimen of 5-methoxy-1-p-nitrophenylnaphthalene (IX ; R = NO,) 
by the Ullmann condensation of 1-iodo-5-methoxynaphthalene (cf. Lockett and Short, J., 1939, 
788) with p-iodonitrobenzene was also unsuccessful since, contrary to Hodgson and Davey’s 
statement (J., 1939, 348) on the preparation of l-amino-5-nitronaphthalene, the yield was too 
small to allow for the carrying on of further steps. 

The product (VII; R = NO,) cannot be, however, a cyclobutadiene derivative (cf. Manthey, 
Ber., 1900, 38, 3081), for the solution of the derived acid in sodium hydrogen carbonate failed 

* Part II, J., 1948, 1267. 
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to discharge the colour of potassium permanganate solution (cf. Bucher, J. Amer. Chem. Soc., 
1908, 30, 1244; Baddar, Joc. cit.). It cannot be a 2-phenylnaphthalene derivative, since it is 
insoluble in boiling sodium carbonate solution and dissolves only in hot sodium hydroxide 
solution to give a dibasic acid, which recyclises to the anhydride on mere boiling with acetic 
anhydride. Furthermore it gave an imide when heated with ammonium carbonate or when 
its ammonium salt was strongly heated (cf. Baddar, loc. cit.). These facts showed that the 
product can only be 65-methoxy-1-p-nitrophenylnaphthalene-2 : 3-dicarboxylic anhydride 
(VII; R = NO,). 
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The above results can be interpreted electronically. Thus, the interaction between 
o-methoxyphenylpropioly] chloride and phenylpropiolic acid leads to the formation of the 
anhydride (I; R= H). The actual state of the molecule is a resonance hybrid of the three 
possible contributing structure (I, II, and III; R =H). However, as the methoxyl group is 
electron-repelling, the contribution of (II) to the actual state of the molecule is more important 
than that of (III). Oncyclisation (II) and (III) give rise to 1-o-methoxyphenyl- and 5-methoxy- 
1-phenyl-naphthalene-2 : 3-dicarboxylic anhydride respectively. This explains the formation 
of (VI; R = H) ina greater proportion. 

Similarly, the interaction between o-methoxyphenylpropiolyl chloride and p-nitrophenyl- 
propiolic acid leads to the formation of the anhydride (I; R = NO,), which exists as a resonance 
hybrid of (I), (II), and (III) (R = NO,). Since the nitro-group is electron-attracting, it is 
expected that (II) should be more important than structure (III). However, the formation 
ot (VI) and (VII) (R = NO,) in nearly equal amounts could be explained by assuming that this 
cyclisation is similar to an electrophilic substitution which is known to be retarded by electron- 
attracting groups. The positively charged carbon atom (a) (see II and III) approaches the 
benzene molecule (B) at (c), leading to a transition state (IV and V); this is followed by the 
liberation of a proton which combines with the negatively charged carbon atom (b) giving rise 
to the anhydrides (VI) and (VII). Thus, although owing to the presence of the nitro-group 
in the benzene nucleus structure (II; R = NO,) affords a greater contribution to the actual state 
of the molecule than does (III), it retards the cyclisation by decreasing the electron density 
at carbon atom (c), and at the same time absorbs, by its strong —M effect, the negative charge 
on carbon atom (5). 
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EXPERIMENTAL. 
(M. p.s are not corrected. Microanalyses were by Drs. Weiler and Strauss of Oxford). 


1-Phenylnaphthalene-2 : 3-dicarboxylic Anhydride—A mixture of phenylpropiolic acid (0-4 g., 
1 mol.) (Reimer, J. Amer. Chem. Soc., 1942, 64, 2510), phenylpropiolyl chloride (0-45 g., 1 mol.), and 
dry benzene (30 c.c.) was refluxed for 24 hours. Removal of the benzene left a solid residue which was 
washed with ether and crystallised from acetic acid, to give 1-phenylnaphthalene-2 : 3-dicarboxylic 
anhydride, m. p. and mixed m. p. 252—253° (ca. 82%). 


o- a ee Chloride.—A mixture of o-methoxyphenylpropiolic acid (3-5 g.) (cf. Baddar, 
loc. cit.) and thionyl chloride (4 c.c.) was left overnight at 15—20°. Light petroleum (b. p. 30—50°) 
was added, and the excess thionyl chloride and the solvent were removed on the water-bath under 
reduced pressure. The — was distilled in a vacuum, to give a reddish-yellow mobile ae. b. p. 
140—145°/3 mm., which soon solidified. On crystallisation from light petroleum (b. p. 40—60°) 
o-methoxyphenylpropiolyl chloride was obtained in lemon-yellow needles, m. p. 93—94° (3-2 g., 82%) 
(Found : Cl, 19-9. C,,H,O,Cl requires Cl, 18-3%). 

5-Methoxy-1-phenyl- and 1-o-Methoxyphenyl-naphthalene-2 : 3-dicarboxylic Anhydride.—A mixture 
of freshly prepared o-methoxyphenylpropiolyl chloride (uncrystallised product) (5-4 g., 1 mol.) and 
phenylpropiolic acid (4-3 g., 1 mol.) was refluxed in dry thiophen-free benzene (60 c.c.) for 24 hours. 
Removal of the solvent gave a highly viscous residue which was treated with dry ether and left overnight. 
The precipitated product (4-8 g.), filtered off and washed with ether, had m. p. 180—190°. On crystal- 
lisation from benzene (40—60 c.c.) it gave a lemon-yellow crystalline product (after 3 hours), m. 
257—-258° (0-5 g.), which was recrysta tallised from the same solvent to give 5-methoxy-1-phenylnaphth- 
alene-3 : 2-dicarboxylic anhydride in lemon-yellow plates, m. p. 267—-268° [Found: C, 75-0; H, 3-8; 
OMe, 10-1%; M (Rast), 328. | C,,H,,O, requires C, 75-0; H, 4-0; OMe, 10-2%; M, 304). 

The benzene mother-liquor from the first crystallisation was concentrated and left overnight. The 
colourless product which crystallised was filtered off and washed with ether; it had m. p. 196—204° 
(1-5 On crystallisation from the same solvent 1-o-methoxyphenylnaphthalene-2 : 3-dicarboxylic 
pl was obtained in colourless crystals, m. p. 212—213° (Found: C, 74-9; H, 3-9; OMe, 9-4%; 
M, 300). 


Evaporation of the first mother-liquor to dryness left a product which contained 5-methoxy- 
l-o-methoxyphenyl- and 1-phenyl-naphthalene-2 : 3-dicarboxylic anhydride. The mixture was boiled 
with 10% sodium hydroxide solution and the insoluble fraction was proved to be the former anhydride 
by m. p. and mixed m. p. (cf. Baddar, loc. cit.). The acid which was precipitated on acidification was 
decarboxylated with copper and quinoline at 200—210°, then refluxed with acetic acid (8 c.c.)—hydriodic 
acid (5c.c.; d 1-9) for 5 hours; the product was extracted with ether and washed with sodium hydroxide 
solution to remove phenolic substances (ca. 0-08 g.). Removal of the ether left an oily residue (ca. 0-5 g.) 
which gave on nitration 4-nitro-l-phenylnaphthalene, m. p. and mixed m. p. 129—130°. 

3 : 4-Dihydro-5-methoxy-1-phenylnaphthalene.—A solution of 5-methoxy-a-tetralone (cf. Lockett 
and Short, doc. cit.) (3-5 g., 1 mol.) [prepared by the cyclisation of y-o-methoxyphenylbutyric acid (cf. 
Baddar and El-Assal, /., 1950, 3606)} in a mixture of thiophen-free benzene (15 c.c.) and dry ether 
(20 c.c.) was gradually added to an ice-cold stirred solution of phenylmagnesium bromide in ether 
{from freshly distilled bromobenzene (3-1 g., 1-1 mols.) and magnesium (0-5 g., 1-2 atoms)]. The 
reaction mixture was worked up as described for 3 : 4-dihydro-7-methoxy-1-p-methoxyphenylnaphth- 
alene (Part II, loc. cit.), and purified by distillation in a vacuum; it had b. p. 185—190°/4 mm. On 
crystallisation from methyl alcohol 3 : 4-dihydro-5-methoxy-1-phenylnaphthalene was obtained in colour- 
less crystals (2-2 g., 47%), m. p. 47—48° (Found: C, 86-2; H, 6-8; OMe, 136%; M, 218. C,,H,,0 
requires C, 86-4; H, 6-8; OMe, 13-1%; M, 236). 

5-Methoxy-1-phenylnaphthalene (IX ; R = H).—3: 4-Dihydro-5-methoxy-1-phenylnaphthalene (0-8 g.) 
was heated with selenium (0-6 g.) at 270—280° for 16—18 hours. The product was extracted with ether 
and crystallised from meen alcohol, from which 5-methoxy-1-phenylnaphthalene was obtained in colourless 
crystals (ca. 0-3 g.), m. p. a oe (Found: C, 86-9; H, 5-8; OMe, 13-1%, M, 250. C,,H,,O requires 
C, 86-8; H, 6-0; OMe, 13: -2%; M, 234). 


Decarboxylation of 5-Methoxy-1-phenylnaphthalene-2 : 3-dicarboxylic Acid.—5-Methoxy-1-phenyl- 
naphthalene-2 : 3-dicarboxylic acid (0-5 g.), prepared by refluxing the anhydride with 20% sodium 
hydroxide solution, was dissolved in quinoline (5 c.c.) and gradually heated in a nitrobenzene bath at 
200—210°. Copper bronze (0-4 g.) was gradually added while stirring during 2 hours; the stirring and 
heating was continued for a further hour. The reaction mixture was worked up as usual, and the 

roduct extracted with ether or benzene. It was then purified by vacuum distillation, having b. p. 
65—170°/2 mm.., to give a light yellowish-brown oil which solidified after 3 months. On crystallisation 
— methyl alcohol 5-methoxy-1-phenylnaphthalene was obtained in colourless crystals (0-25 g., 70%), 
Apap" undepressed on admixture with an authentic specimen (Found : C, 87-0; H, 5-9; OMe, 

13. %; M, 217). 

3 : 4-Dihydro-1-o-methoxyphenylnaphthalene.—Ice-cold o-methoxyphenylmagnesium bromide, pre- 
pared from freshly distilled o-bromoanisole (12-8 g., 1 mol.) and magnesium metal (1-68 g., 1-1 atoms) 
in dry ether (30 c.c.), was treated dropwise with a solution of a-tetralone (10-8 g., 1-2 mols.) in dry 
ether (20c.c.). The mixture was wor up as above and the = was purified by vacuum-distillation 
to give 3 : 4-dihydro-l-o-methoxyphenylnaphthalene in colour crystals (6-5 g., 68%), m. p. 74—75° 
age no C, 86-2; H, 6-7; OMe, 13-0%; M, 232. C,,H,,O requires C, 86-4; H, 6-8; OMe 13-:1%; 

, 236). 

1-o-Methoxyphenylnaphthalene (VIII; R = H).—This was prepared by the dehydrogenation of 
3 : 4-dihydro-l-o-methoxyphenylnaphthalene (0-5 g.) with selenium (0-4 g.) at 270—275° for 16—17 
hours. By crystallisation from methyl alcohol, 1-o-methoxyphenylnaphthalene was obtained in colourless 
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crystals sat 69%), m. p. 97—98° as C, 86-9; H, 5-9; OMe, 122%; M, 219. C,,H,,O 
requires C, 86-8; H, 6-0; OMe, 13-2%; 234). 

Decarboxylation of 1-0-Methoxyphenyl naphthalene 2 : 3-dicarboxylic Acid.—This was carried out as 
described for 5-m xy-1-phenyinaph e-2 : 3-dicarboxylic acid. The product, distilled in a 
vacuum, had b. p. 190—195°/4 mm., then crystallised from methyl alcohol, from which 1l-o-methoxy- 
phenylnaphthalene separated in colourless crystals (0-27 g., 70%), m. p. 97—98°, undepressed on 
admixture with an authentic specimen (Found : C, 86-9; H, 5-8; OMe, 13-5%; M, 222). 


1-0-Methoxyphenyl-7-nitro- and 5-Methoxy-1-p-nitrophenyl-naphthalene-2 : 3-dicarboxylic Anhydride.— 
A solution of o-methoxyphenylpropioly! chloride (9-4 g., 1 mol.) and p-nitrophenylpropiolic acid (9-2 g., 
1 mol.) in dry thiophen-free benzene (200 c.c.) was refluxed for 36 hours. The uct, m. p. 304— 
308°, precipitated on cooling, was filtered off and ——_. washed with ether. On crystallisation 
from glacial acetic acid 5-methoxy-1-p-nitropheny ited: Ct : 3-dicarboxylic anhydride was obtained 
pa ellow crystals (ca. 3-2 g.), m. aan a a ound: C, 64-9; H, 3-4; N, 40; OMe, 9-7%; M, 

eoH oH ,,0,N requires C, 65-3; H, N, 4:0; OMe, 89%; M, 349). It is soluble in hot sodium 
hydroxide solution and insoluble in boiling sodium carbonate solution. The dimethyl ester 
(74%) in “yo by means of diazomethane in ether, crystallised from — alcohol in yellow 
cedles, m. p. 195—196° (Found : C, 63-9; H, 4-6; N, "3-7; OMe, 23-3%; M, 407. C,,H,,O,N requires 
C, 638: H, 4-6; N, 3-5; OMe, 23-5%; M, 395). 

The benzene mother-liquor was distilled and the dark-brown viscous oil treated with ether and left 
overnight. The precipitated product was filtered off and crystallised from dilute acetic acid, from which 
1-0-methoxyphenyl-7-nttronaphthalene-2 : 3-dicarboxylic anhydride separated in orange-yellow crystalline 
a (ca. 3-0 g.), m. p. 233—234° (Found: N, 3-8; OMe, 8-4. C,,H,,O,N requires N, 4-0; OMe, 

8-9%). The dimethyl ester, bam ene pared as above, crystallioed 4 from meth yl alcohol 4 in pale lustrous fine 
yellow crystals, 219—-220° (Found : C, 63-6; 4-5; 3-7; OMe, 23-1%; M, 400. C,,H,,O,N 
requires C, 63-8 46; N, 3-5; OMe, 23-5% ; M, 395). 

1-o-Methoxyphenyl-7-nitronaphthalene (VIII; R = NO,).—A solution of 1l-o-methox nyl-7 ee) 
naphthalene-2 : 3-dicarboxylic acid (0-6 g.) in quinoline (5 c.c.) was stirred with co es nee (0-2 
while gradually heated to 230—235° during 15 minutes. The temperature was opt thereat for 
minutes during which a further amount of copper-bronze (0-2 g.) was added portionwise; the heating 
was continued for a further 30 minutes. The reaction mixture was worked up as usual, and the product 
was crystallised from methyl alcohol or benzene—light petroleum (b. p. 40—60°), from which l-o-methoxy- 
phenyl-7-nitronaphthalene (0-3 g., 66%) was obtained in yellow crystalline flakes, m. p. 133-—-134° 
(Found: C, 73-2; H, 48; N, 5-0; OMe, 113%; M, 285. C,,H,,0,N requires C, 73-5; H, 4-7; N, 
5-0; OMe, 11-:1%; M, d 


7-Amino-1-0-methoxyphenylnaphthalene (VIIL; R = <_: -—Zinc dust (7 g.) was added portionwise 
during 30 minutes to a boiling mixture of 1-o-methox 7-nitronaphthalene (0-45 g.), ethyl alcohol 


hen 
(40 c.c.), and concentrated hydrochloride acid (30 c. 4. he mixture was refluxed for a further hour, 


with occasional shaking, and worked up as described for 7-amino-l-p-aminophenylnaphthalene (Baddar 
and El-Assal, Part II, Joc. cit.). The (0-35 g.) was converted (Schotten—Baumann) into its benzoyl 
derivative, which crystallised from benzene—light petroleum (b. p. 40—60°) in pinkish-yellow crystalline 
aggregates, m. p. 116—117° (Found: C, 82-0; H, 5-6; N, 3-7; OMe, 8-7. C,,H,,O,N requires C, 81-6; 
H, 5-4; N, 40; OMe, 88%). 

Deamination of 7-Amino-1-0-methoxyphenylnaphthalene.—A mixture of the base (0-5 g.), glacial 
acetic acid (6 c.c.), and concentrated sulphuric acid (6 c.c.) was cooled in ice, with stirring. Finely 
—_ sodium nitrite (0-8 g.) was added portionwise during 30 minutes. The stirring was continued 

or a further hour, and then the diazonium solution was added to a vigorously stirred suspension of 
finely powdered, freshly prepared cuprous oxide (0-8 g.) in ethyl alcohol (60. c.c.). Stirring was continued 
for 4 hours and the product was extracted as described for 7-amino-1-p-aminophenylnaphthalene (Baddar 
and El-Assal, Joc. cit.). Purified by vacuum-distillation, this had b. p. 180—-185°/1 mm. Repeated 
crystallisation from methyl alcohol gave 1-o-methoxyphenylnaphthalene in light brown crystals, m. p. 
94—95°, undepressed on admixture with an authentic specimen. 


5-Methoxy-1|-p-nitrophenylnaphthalene (IX ; R = NO,).—5-Methoxy-1-p-nitrophenylnaphthalene-2 : 3- 
dicarboxylic acid (1-2 g.) was decarboxylated with copper-bronze (0-5 g.) and quinoline (10 c.c.) as de- 
scribed for 1-o-methoxyphenyl!-7-nitronaphthalene-2 : 3-dicarboxylic acid. The product was crystallised 
from acetone (small volume) from which 5-methoxy-1 ent naa Nee was obtained in yellow 
shining flakes (0-6 g., 66%), m. p. 159—160° (Found: C, 73-2; H, 46; N, 48; OMe, 10-99%; M, 250. 
C,,H 1304N requires C, 73-5; H, 47; N, 50; OMe, 111%; M, 279). 

Een me go 5-methoxynaphthalene. <n eee -1-p-nitrophenylnaphthalene (0-6 g.) was re- 
duced with zinc dust (8 g.) and concentrated hydroc hloric acid (40 c.c.) as described for Tomian3c- 
methoxyphenylnaphthalene. The base (0-45 g.) a converted (Schotten—Baumann) into its benzoyl 
derivative, which crystallised from benzene in a light pink crystals (70%), m. p. 193—194° (Found : 
C, 81-6; H, 5-6; N, 40; OMe, 84%; M, 342. C,,H,,O,N requires C, 81-6; H, 5-4; N, 40; OMe, 
88%; M, 353). 

5-Methoxy-1-p-nitrophenylnaphthalene-2 : 3-dicarboxyimide.—This was prepared either by heating 
5-methoxy-1-p-nitrophenylnaphthalene-2 : 3-dicarboxylic anhydride with excess of 
carbonate (cf. Baddar, loc. cit.) at 320—330° for 10—15 minutes, or by strongly heating 
salt till no more ammonia was evolved. The product was crystallised from acetic acid, from which the 
imide was obtained in reddish-brown crystals, m. p. 327—-328°, depressed on admixture with the anhydride 
to 280—290° (Found: N, 8-1. C,,H,,0,N, requires N, 8-1%). 


Fovap I University, Facutty or SCIENCE, 
ApsBassia, Carro, Ecypr. (Received, February 8th, 1951.) 
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405. Reactions of «B-Unsaturated Cyclic Aldehydes and Ketones. 
Part VIII.* Alcohols derived from (—)-Piperitone. 


By C. S. Barnes, L. M. Jackman, and A. KILLEN MAcBETH. 


A stable (—)-piperitol is isolated in satisfactory yield on reduction of 
(—)-piperitone by aluminium alkoxide. Some racemisation occurs in the 
process, and some dehydration, probably of the labile piperitol epimer, also 
takes place with the production of hydrocarbons. 

(—)-Piperitol has m. p. 30° and [a]p —39°4°, and has been characterised 
by the preparation of a number of derivatives. Its configuration follows 
from its conversion into (—)-neomenthol on hydrogenation. 

Read was of the opinion that a-phellandrene was produced by the 
dehydration of the piperitols, but at least part of the hydrocarbon must be 
f-phellandrene as the crystalline tetrabromide (Berry and Macbeth, J., 1947, 
1039) has been isolated. 


PIPERITOLS have been isolated from natural sources by Baker and Smith ("A Research on 
the Eucalypts,’’ 2nd edn., 1920, p. 373) and by Simonsen (Indian Forest Records, 1924, 
10, Part VIII). Both the alcohols are stable, the former being related to (—)-piperitone and 
having « —34°1° (homogeneous); but the latter was associated with (+-)-piperitone and had 
a +41°9° (homogeneous). A synthesis of (—)-piperitol from (—)-a-phellandrene has been 
described (Howard and Son, B.P. 532,614/1941). Earlier, Read and Storey (jJ., 1930, 2770) 
obtained an inactive alcohol from trimethylpiperitylammonium iodide, from which after 
resolution and careful fractionation they isolated two active alcohols which they named 
d-piperitol and d-neopiperitol; they were of the cpinion that the natural piperitols had the same 
configuration as their higher-boiling synthetic alcohol, and suggested that they were cis- 
compounds. Read and Walker (J., 1934, 308) further examined the reaction and showed that 
the resulting piperitol was extremely labile when special care was taken to remove all traces of 
the base. Since this purified alcohol lost water spontaneously, even on storage for a short time, 
it was named neopiperitol. -These workers also prepared in low yield a stable piperitol by the 
Ponndorf reduction of piperitone. From this a 3: 5-dinitrobenzoate, m. p. 84—85°, was 
prepared in 13% yield. The alcohol had [a] —24°5° (alcohol), and the ester — 30° (chloroform). 

A modified Ponndorf technique (Macbeth and Mills, J., 1949, 2646) gave a yield of some 85% 
in the reduction of (—)-piperitone, but the product was not critically examined. It seemed 
advisable to study the reaction further as greatly increased yields of piperitol seemed assured, 
and it was hoped that both epimeric forms might be isolated. Several modified reductions 
were carried out. A yield of some 58% of constant-boiling product (presumably crude 
piperitol), together with some 6% each of hydrocarbon and higher-boiling residue, was obtained 
when the addition of piperitone was uniformly spread over 24 hours and the reaction continued 
for 24 hours thereafter. In a reduction when the ketone was added within 0°5 hour and the 
reaction continued for a further 47 hours the yield of crude alcohol fell to some 43% and more 
than 20% of hydrocarbon was formed. Modified reductions in the presence of fluorenol (Baker 
and Adkins, J. Amer. Chem. Soc., 1940, 62, 3305) reduced the time to 30 hours, but the yields 
obtained were not significantly improved. 

As the long times involved in the preceding reductions obviously favour hydrocarbon 
formation, and as some racemisation of the piperitone was also found to occur, the ordinary 
alkoxide reduction was re-examined in the hope of improving the yields recorded by Read and 
Walker (loc. cit.). A sample of (—)-piperitone from £. dives after repeated crystallisation at 
— 50° (Huggett, J. Soc. Chem. Ind., 1941, 60, 67) had [a]? —67°8° (homogeneous). Its reduction 
product when distilled at 0-2 mm. pressure gave three fractions, (i) b. p. 55—61°, a? —58°2°, 
(ii) b. p. 61°, al? —51°2°, and (iii) b. p. 62—64°, al? —50°. Fractions (ii) and (iii) represented a 
90% yield if calculated as piperitol, but Sutherland (private communication) has shown that the 
reduction product contains a piperityl ether (cf. Human, Macbeth, and Rodda, J., 1949, 350) 
and any of this product formed would probably be present in these fractions. 

As Read and Walker (/oc. cit.) had reported a yield of piperitol 3 : 5-dinitrobenzoate of only 
13% it was thought that better results in the purification of crude piperitol might be obtained by 
esterifying the alcohol with an acid chloride in which less steric hindrance might be expected. 


* Part VII, J., 1949, 350. 
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The phthalimidoacetate seemed a suitable derivative to aim at as experiment showed that the 
readily dehydrated alcohol 4-methylpent-3-en-2-ol gave almost 90% of ester when treated with 
phthalimidoacetyl chloride under special conditions. It was not an altogether satisfactory 
ester, however, in the case of piperitol as the pure piperityl phthalimidoacetate, m. p. 125—126°, 
which was obtained after repeated crystallisation was found to be the (-+-)-ester. * 

The relative solubilities of the racemic and optically active esters reported above evidently 
do not hold in the case of 3 : 5-dinitrobenzoates, as the sample of ester obtained by the previous 
workers had [a]}* —30° (alcohol). It seemed probable that the yield might be improved by 
modifying the esterification technique, and that the ester might then be suitable for isolation of 
the optically active piperitol. As the piperitols undergo an acid-catalysed dehydration (Read 
and Walker, loc. cit.) it is desirable to avoid steam-distillation in the preparation of the ester. 
Further, current theories of acids and bases (Luder and Zuffanti, “‘ Electronic Theory of Acids 
and Bases,’’ 1946; Bell, Quart. Reviews, 1947, 1, 113) indicate that in a non-aqueous solvent 
such as pyridine a pyridinium ion which may act as an acid-catalyst will be formed in the 
presence of pyridine hydrochloride, and this would favour the dehydration of piperitol during 
esterification by an acid chloride in the presence of excess of pyridine.* 

When using modified conditions of esterification it was found that piperitol could be converted 
into its 3 : 5-dinitrobenzoate in a yield of nearly 60% when a slight excess of the acid chloride 
in benzene was gradually added to a solution of the alcohol in light petroleum containing an 
amount of pyridine equivalent to the acid chloride used. Pyridine hydrochloride is precipitated 
from the esterification mixture as it isformed. Steam-distillation was avoided in the isolation 
of the ester, purification being carried out by crystallisation from methanol or light petroleum, 
preferably the latter. After five crystallisations piperityl 3 : 5-dinitrobenzoate, m. p. 98—99°, 
[a]i#* — 256° (chloroform), was obtained in 30—35% yield. The ester is readily hydrolysed to 
(—)-piperitol which was obtained in 30% yield calculated on the (—)-piperitone reduced. It is 
doubtful if this sample of (—)-piperitol is stereochemically pure, as small amounts of a 
(+)-phthalimidoacetate and of an inactive p-nitrobenzoate were derived from it. The present 
position of the piperitols is summarised in the Table. 


Source. {a}. Derivatives. 
(—)-Piperitol* E. radiata —34-1° (homogeneous) a 
(+)-Piperitol* Species of Andropogon +41-9° (homogeneous) ~S 
(—)-Piperitol* Reduction of (—)-piperitone —24-5° (alcohol) 3 : 5-Dinitrobenzoate, m. p. 
84—85°, [a]p —30°. 
(—)-Piperitol Reduction of (—)-piperitone —39-4° (alcohol or benzene) 3 : 5-Dinitrobenzoate, m. p. 
98—99°, [a]p — 256°. 
Phenylurethane, m. p. 138°, 
{a]p —328°. 
a-Naphthylurethane, m. p. 
128—129°, [a}p —46°. 
* Baker and Smith (loc. cit.). * Simonsen (loc. cit.). * Read and Walker (loc. cit.). ‘¢ Present 
workers. 


The configuration of the piperitol prepared by the Ponndorf reduction of piperitone has 
been established by the hydrogenation of the alcohol over Raney nickel to menthols. In this 
way a sample of (+)-piperitol gave a mixture of menthols from which (+-)-neomenthol was 
isolated as its hydrogen phthalate and 3: 5-dinitrobenzoate. The hydroxyl and isopropyl 
groups are therefore in the cis-position in piperitol. 


Me 
a eS a 3 
Be or eee 
r! Me OH Pri H Pr! 
cis-Piperitol. neoisoMenthol. neoMenthol. 


This result was supported by the similar hydrogenation of (—)-piperitol to a mixture of 
menthols from which a 3: 5-dinitrobenzoate, m. p. 155—156°, [a], —21°4° (in benzene), was 
obtained. An authentic sample of (—)-neomenthyl 3 : 5-dinitrobenzoate was not available, 
but admixture of the experimental compound with an equimolecular amount of the (+-)-neo- 
menthol ester and crystallisation gave an inactive compound, m. p. 130°, not depressed on 
admixture with an authentic sample of (+)-neomenthyl 3 ; 5-dinitrobenzoate. In view of the 
cis-configuration of the stable variety of piperitol (which was predicted by Read) and its 

* This modification of the conventional method of esterification with acid chlorides was suggested by 
Mr. J. A. Mills, who has investigated the reaction more fully (Barnes, J., 1951, in the press). 
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consequent relation to the neomenthols its seems unfortunate that because of the instability of 
the compounds the name meopiperitol was assigned to the easily dehydrated alcohol at a time 
when the configuration of the menthol series had not been firmly established. 

It was hoped that both forms of piperitol might be isolated from the alkoxide reduction 
products, but we have only succeeded in characterising one. Whether the labile form survives 
reduction and breaks down during the formation of derivatives one cannot definitely say, but 
since hydrocarbons occur in the reduction products it is more probable that one form of piperitol 
does not long survive its formation. 

As Sutherland (private communication) is examining the hydrocarbons occurring in the 
reduction products this aspect has not been studied by us further than to isolate a tetrabromide 
{m. p. 112°; [a] +57°3° (c 06 in chloroform)] from a sample of hydrocarbon, 2 —30°7° 
(homogeneous). 


EXPERIMENTAL. 


Reduction of (—)-Piperitone.—A sample of piperitone from E. dives {[a}}) —49-5° (homogeneous)} 
was recrystallised from light petroleum (b. p. 40—60°) at below —40° (Huggett, loc. cit.), and after four 
such crystallisations the oil, distilled under reduced pressure, had b. p. 65°/1-05 mm. and [a}j’ —67-6° 
(homogeneous). The ketone (100 g.) in dry isopropanol (150 ml.) was added to a boiling solution of 
aluminium isopropoxide in isopropanol (950 ml. of 0-7m.), during 20 minutes, and the reduction was 
continued under reflux in the usual way for 15 hours. After removal of the excess of isopropanol under 
reduced pressure, the clear light brown residue was chilled and ether (300 ml.) added. Aluminium 
alkoxide was decomposed by addition of a slurry of ice and sodium hydroxide (ca. 5% solution), the 
aqueous layer was twice extracted with ether (100 ml.), and after the addition of a few drops of dimethyl- 
cyclohexylamine the combined extracts were dried (MgSO, + K,CO,). After removal of the solvent the 
residue was distilled under reduced pressure, giving fractions: (i) b. p. up to 61°/0-2 mm., aj? —58° 
(homogeneous) (2-4 g.); (ii) b. p. 61°/0-2 mm., aj? —51-2° (homogeneous) (59 g.); and (iii) b. p. 61—62°, 
a}? —49° (homogeneous) (31 g.) 

Esters.—(a) 4-Methylpent-3-en-2-yl phthalimidoacetate. Phthalimidoacetic acid (Reese, Amnnalen, 
1887, 242, 1) was converted into the acid chloride by thionyl chloride (cf. Gabriel, Ber., 1907, 40, 2648). 
The alcohol (2 &) with dry pyridine (1-7 g.) was dissolved in light petroleum (b. p. 60—80°; 50 ml.) and 
cooled in ice. The acid chloride (4-5 g.) in dry benzene (25 ml.) was run in with stirring and the mixture 
left overnight in the refrigerator. After being washed with dilute sodium carbonate solution, then water, 
the solvent was dried and evaporated, and the residue crystallised from light petroleum oni | The 
ester (88% yield, 5 g.) had m. p. 81—82° (Found: C, 66-85; H, 5-8. (C,,H,,O,N requires C, 66-9; 
H, 5-9%). 

(b) (+)-Piperityl phthalimidoacetate. (—)-Piperitol [fractions (i) and (ii) above, 90 g.} with dry 
pyridine ee g.) was dissolved in light petroleum (b. p. 40—60°; 500 ml.), and a solution of phthalimido- 
acetyl chloride (150 g.) in dry benzene (200 ml.) was added dropwise with mechanical stirring at such a 
rate that the temperature did not exceed 35°. Pyridine hydrochloride was immediately precipitated, 
and the mixture was set aside overnight. After stirring with sodium hydroxide (500 ml.; 5%) and 
addition of benzene (350 ml.) the mixture was filtered and the benzene-light petroleum layer was again 
washed with dilute aqueous sodium hydroxide and then water (thrice). After drying (K,CO,) and 
removal of solvent under reduced pressure, the residual red oil (125 g.) was dissolved in hot methanol 
(125 ml.) and on cooling at 10° deposited some of the ester (43 g.). A further small quantity (4 g.) 
separated on removal of part of the methanoland cooling to0°. The combined ester (47 g.) had [{a]#® —98° 
(c, 5 in benzene) and melted over the range 100—112°. Systematic crystallisations (five) from methanol 
(ca. 1 ml. per 3-6 g.) gave the piperityl phthalimidoacetate as small white crystals, m. p. 124—125°, but 
the ester was obtained in small amount (9-3 g.) and was only slightly optically active Pons —4-6 (c, 5in 
benzene)}. Recrystallisation from ethanol or light petroleum (b. p. 60—80°) gave the inactive ester, 
m. p. 125° (Found: C, 70-6; H, 6-7. C, 9H,,;0,N requires C, 70-4; H, 6-7%). 

(c) (—)-Piperityl 3 : 5-dinitrobenzoate. A solution of 3 : 5-dinitrobenzoyl chloride (145 g.) in dry 
benzene (200 ml.) was added dropwise to a mechanically stirred solution of (—)-piperitol (88 g.) in 
light petroleum (b. p. 40—60°; 500 ml.) containing pyridine (51-5 g.), the rate of addition being such 
that the temperature did not rise above 35°. After a further 3 hours the crude ester was obtained as 
described in the preceding case. After addition of an equal volume of methanol to the reddish oil the 
ester separated as pale yellow needles on cooling (112 g., 56% calculated on piperitol). Light petroleum 
(b. > 60—80° ; ca. 6—7 ml. per g.) was found to be a more suitable solvent for purification than methanol 
and five crystallisations gave the pure ester (73 g., 61% of the crude ester) as pale yellow glistening plates, 
m. p. 98—99°, {a}}? —256° (c, 1 in chloroform) and —242° (c, 1 in benzene) (Found: C, 59-0; H, 5-65. 
Calc. for C,,Hy»O,.N,: C, 58-95; H, 55%). Some impure ester (18 g.) of much lower rotation was 
recovered from the light petroleum mother-liquors, and a little (3-5 g.) from the methanolic liquor. 

Hydrolysis of Piperityl 3 : 5-Dinitrobenzoate.—A solution of (—)-piperityl 3 : 5-dinitrobenzoate (73 g. ; 
[a]i —256°) in methanol (600 ml.) containing potassium hydroxide (31 g.) when refluxed for 1 hour 
became red and deposited potassium 3 : 5-dinitrobenzoate. After cooling, filtration, and washing of the 
salt with methanol, the combined filtrate and washings were distilled under reduced or ame to remove 
most of the methanol. Water (ca. 200 ml.) was added to the residue, and the oil which separated was 
taken up in light ——— (b. p. 40—60°; 50 ml.), the aqueous oe was again extracted twice with the 
same solvent, and the combined extracts were dried (K,CO,). All the apparatus used in the removal of 
solvent and distillation of the piperitol was previously ed in dilute sodium hydroxide (05%) and 
dried before use. The (—)-piperitol had b. p. 61°/1 mm. and quickly solidified to a mass of fine white 
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needles (28 g., 87-3%), m. p. 30°, [a]}?* —39-4° (c, 2 in Dapeset (Found: C, 77-7; H, 11-6. Calc. for 
C,,H,,0: C, 77-9; H, 11-7%). The alcohol was stable and had an odour similar to that of menthol. 
The piperitol and phenyl isocyana isocyanate ph ind Sema were nig in ne m (6 rp and set 
aside overnight. Four t petroleum (b . Pp. 80°) ga —)-pipenity! 
phenylurethane, long pr herria “i needles m. 2 is Pipouy A 1 in chloroform) (Found : é 7495; H, 
= . C,,H,,0,N requires C, 74-7; H, &: 4 was similarly obtained 
mass of fine white needles, m. p- 3 (ogee [a eet (ec, “Lin chloroform) after recrystallisation 
(thrice) from light petroleum (b. p. ” 60—80° ) (Found : ed 78-1; H,7-6. C,,H,,O,N requires C, 78-0; H, 
) 


Attempts ah es Ape es sere and the phthalimidoacetate from the pure piperito] gave 
inactive esters. cee n ae eee aqueous methanol as pale yellow plates 
m. p. 79—80° crctea: C, 67 H, 6-9. C,,H,,0,N requires C, 67-3; H, 6-95%). The phthalimido- 
cosiaty sine Siessinnl Sith that etined eady descri described. 





enation of (—)-Piperitol. (—)-neoMenthyl 3 : 5-Dinitrobenzoate.—(—)- Aw (3 g.) in 
otenst ay ml.) containing Raney nickel (1-5 g.) was hydrogenated at 100—120°/1 Ib. for an hour. 
After removal of most of the alcohol, water (100 ml.) was yo 30 the reduction uct extracted with 
light petroleum (b. p. 60—80°; 3 x 20 ml.). See Oe ee ,) and removal! of solvent the residue 
was distilled under reduced pressure (b. p. 59°/1 mm.) he oil (2- “H ), which had a pronounced menthol- 
like odour, was esterified with 3 : 5-dinitrobenzoyl chloride (4-65 g.) in benzene (50 ml.) containing dry 
een (1-6g.). The ester, which was worked u fey usual way, ~ a by at ~ on (5-4 g.) on steam 

distillation, ~ this after six recrystallisations light petroleum (b. eS pale yellow 
needles, m. °, {aj}? —21-4° ¢,2in benzene). When mixed with ewogeeh watafe weight of (+-)-neomenthy) 
3 : 5-dinitrob mhhy Hp from ethanol (twice) tok ry inactive pale yellow needles, m. p. 
131° not depressed on admixture with authentic (+-)-neomenthy! 3 : 5-dinitrobenzoate. 


Two of us (L. M. J. and C. S. B.) our indebtedness to the Commonwealth Research Fund 
which enabled us to participate in he. wor 
JoHNSON CHEMICAL LABORATORIES, 
UNIVERSITY OF ADELAIDE, SOUTH AUSTRALIA. (Received, February 28th, 1951.) 
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406. Properties and Reactions of Free Alkyl Radicals in Solution. 
Part II.* Reactions with Iodine, Bromine, and Sulphuryl Chloride. 
By M. C. Forp and Wititiam A. WarTERs. 


The study (see Part I*) of free radicals generated by the thermal 
decomposition of aliphatic azo-compounds in solution has been extended. 
The radicals resemble triphenylmethy] in combining immediately with iodine 
and bromine. They attack sulphury! chloride and thereby initiate radical- 
chain chlorinations just as do the radicals formed by thermal decomposition 
of benzoyl peroxide. 


In previous work (Bickel and Waters, Rec. Trav. chim., 1950, 69, 312, 1490; J., 1950, 1764) 
it has been shown that aliphatic azo-compounds (I; R, R’ = Alkyl) decompose smoothly in 
solution at 80—120° to give free radicals (II) which exhibit only moderate chemical reactivity. 
These tertiary aliphatic radicals do not attack solvents such as benzene, toluene, or carbon 
tetrachloride, but react with each other by combination or disproportionation unless an active 
radical acceptor is present in the solution. 

In our search for characteristic reactants for these free radicals we have now studied their 

RR’C(X)-N:N-C(X)RR’ RR’C(X)* RR‘C(X)-Hal 
(I.) (11.) (II1.) 
(X = CN or CO,Me.) 
actions upon iodine, bromine, and sulphury! chloride, and have found that, like triphenylmethy], 
the radicals (II) are in all cases effective halogen acceptors in non-ionising solvents. 

Solutions of iodine in hot benzene or toluene are rapidly decolorised when added to 
decomposing solutions of the azo-compounds (I) in the same solvent, and iodo-compounds (III ; 
Hal = I) result. Yields of about 75% of the latter can easily be obtained by adopting the 
reverse procedure of adding the azo-compounds (I) to hot solutions of iodine, so as to minimise 
the chance of mutual interaction of the radicals (II). Their normal radical dimerisation and 

tion products constitute, however, the remainders of the reaction products. In 
this way we have prepared methyl «-iodoisobutyrate, a-iodoisobutyronitrile, (+)-a-iodo-«- 
i * Part I, J., 1950, 1764. 
D 
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methylbutyronitrile and «-ethyl-a-iodobutyronitrile, which do not appear to have been described 
previously. They are all liquids which can be distilled under reduced pressure, but tend to 
decompose with separation of free iodine when heated at atmospheric pressure, or exposed 
to light. Their molecular refractions are consistently high by about one unit in comparison 
with values calculated from standard figures of atomic refractivities, perhaps owing to the 
juxtaposition of the iodine atom and the cyanide or ester groups. 

Representative azo-compounds (I) react in a similar way with bromine and give the 
corresponding bromo-compounds III; Hal = Br), but since a little bromine substitution also 
occurs the yields of direct combination products are somewhat smaller (25—40%). For 
instance, in the reaction of dimethyl aa’-azoisobutyrate (I; R = R’ = Me; X = CO,Me) with 
bromine in boiling carbon tetrachloride solution an appreciable evolution of hydrogen bromide 
was noticed and the resulting methyl a-bromoisobutyrate was accompanied by methyl «f-di- 
bromoisobutyrate, a pure sample of which was prepared for comparison from bromine and 
methyl methacrylate. The molecular refractions of these «-bromo-compounds were also 
slightly higher than computed values. The liquid bromo- and iodo-nitriles were all characterised 
by acid hydrolysis to the corresponding amides which crystallised excellently from light 
petroleum. 

The direct reaction of dimethyl aa’-azoisobutyrate with sulphury] chloride in boiling carbon 
tetrachloride led to extensive chlorination of the ester, for both hydrogen chloride and sulphur 
dioxide were evolved in quantity. The main reaction product appeared to be methyl 
a$-dichloroisobutyrate, though this could not be isolated in a pure state. When the reaction 
was carried out in boiling benzene then some addition of chlorine to benzene occurred, for the 
reaction product, on concentration, yielded the characteristically smelling mixture of isomeric 
hexachlorocyclohexanes. Evidently the free radicals (II) react with sulphuryl chloride to 
produce chlorine atoms (equations 1, 2, below) which then may add on to the benzene nucleus, 
as in the photochemical addition process, and may also chlorinate the esters by hydrogen 
abstraction from the methyl groups. 

When toluene is used as the solvent, its chlorination in the side chain occurs to a so much 
greater extent, by the chain reaction (l1—4) which Kharasch and Brown (J. Amer. Chem. Soc., 
1939, 61, 2142) first effected by using benzoyl peroxide as the radical-producing catalyst, that 
catalytic amounts of azo-compound suffice. 


RR’C(X) + SO,Cl, —> RR’C(X)C1+°SO,Cl . . . . . . (I) 
ee” Ce ae aa 

> + CC — 0 4+ CCM 6. ee se ee 
C,H,CH, + SO,Cl, —>C,H,CH,Cl+*SO,cl . . . .. . (4) 


By using only 0-3—0°5 mole % of aa’-azoisobutyronitrile and dimethyl aa’-azoisobutyrate 
as catalysts we have been able to effect the chlorinations of toluene to benzyl] chloride, tripheny]- 
methane to triphenylmethy] chloride, and cyclohexane to cyclohexyl chloride in yields of 50— 
80%. Propionic acid has been chlorinated too, but in contrast to Kharasch and Brown 
(J. Amer. Chem. Soc., 1940, 62, 927) we succeeded in isolating, in very low yield, only the 
a-chloropropionic acid. 

The aliphatic azo-compounds (I) may have some advantages over benzoyl peroxide as 
catalysts for this chlorination process since they produce nitrogen themselves and thus there 
appears to be less necessity to remove traces of oxyg: 1 from the reacting systems. Similar 
advantages have been noted in their applications as polymerisation catalysts (U.S.P. 
2,471,959/1949). As would be expected, iodine is a very effective inhibitor of this chlorination 
process. Chloranil is a decidedly less effective inhibitor though it combines readily with the 
free radicals (II) (Bickel and Waters, J., loc. cit.; Ziegler, Deparade, and Meye, Annalen, 1950, 
567, 141). 

EXPERIMENTAL. 

Reaction of Dimethyl aa’-Azoisobutyrate with Iodine.—To a gently refluxing solution of iodine (6-33 g., 
0-05 g.-atom) in dry benzene (AnalaR; 25 mil.) was added during 45 minutes one of dimethy] aa’-azoiso- 
butyrate (16-1 g., 0-07 mole) in the same solvent (25 ml.). After a further 45 minutes’ refluxing the 
colour of the solution had changed to light yellow. The solvent, together with traces of methyl 
isobutyrate, was distilled through a column under reduced pressure and the residual liquid was 
fractionated. Two fractions were collected: (i) b. p. 63—70°/12 mm. and (ii) 96—126°/10 mm. The 
first fraction was methyl a-iodoisobutyrate (8-45 g., 74% calc. on iodine), a = yellow, pleasant-smelling 
liquid which rapidly darkened on exposure to light. For analysis it was kept over mercury for several 
days and then was distilled through a short column; it had b. p. 61°/10 mm., d?° 1-666, nj>* 1-5069 
(Found : I, 55-2%; [R]p 40-7. C,H,O,I requires I, 55-7%; [R]p 39-7). 
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Treatment of this ester with a large excess of cold aqueous ammonia (d 0-88) during 15 hours gave 
a-todoisobutyramide; this substance is dimorphous, eae 1 in small needles on 
storage in contact with the mother-liquor were slowly transformed en ee . 183— 
184° (decomp.) with progressive darkening above 160° (Found : I, 59. s CHO — L ob. 6%). 


Fraction (ii) (4-05 g., 44% calc. on the excess azo-ester) was shown to be dimethyl conan ai) 
succinate by hydrolysis to tetramethylsuccinic acid (Bickel and Waters, Rec. Trav. chim., 1950, 69, 317 
of m. p. and mixed m. p. 191—192°. The residue amounted to 6-25 g. 


Reaction of aa’-Azoisobutyronitrile with Iodine.—To a gently refluxing solution of iodine (19-0 g., 
0-15 g.-atom) in dry toluene (100 ml.) was added during 20 minutes one of aa’-azoisobutyronitrile (22 g., 
0-134 mole) in the same solvent (150 ml.). A few seconds after the addition was complete the purple 
colour of the solution had changed to a light brown. Refluxing was continued for a further 30 minutes 
after which the solvent, together with traces of isobutyronitrile, was removed by distillation through a 
column (b.  . ca. 52°/65 mm.). The residual liquid was treated with light petroleum (50 ml.; b. p. 

40—60°) and left overnight at 0°. The tetramethylsuccinonitrile which had precipitated was then collected 

= p- after recrystallisation from alcohol, 170°, mixed m. p. 169-5°), and the filtrate was distilled. 
emoval of the light petroleum gave a purple oil (22-8 g.) from which a-todoisobutyronitrile (b. P. 
62-5°/16 mm., d!* 1-717, n#$ 1-5125) was obtained as a yellow liquid with a penetrating odour. It 
toluen darkened if exposed to the light. Further si quantities resulted from refractionation of the 

toluene fraction, the total yield being 21-6 g. (74% calc. on iodine) (Found: C, 25-2; H, 3-30; I, 

64:7%; [R]p 34:1. C,H,NI requires C, 24-6; H, 3-10; 1, 65-1%; [R)p 33-2). A further small quantity 
of tetramethylsuccinonitrile (total yield, 5-9 g., 73% calc. on the excess of azonitrile taken) and traces of 
iodine were obtained by steam-distillation of the residue which remained after distillation of the iodo- 
nitrile. The steam-involatile residue constituted a dark oily mass (0-7 g. ) which when triturated with 
alcohol slowly gave crystals of 2 : 3 : 5-tricyano-2 : 3 : 5-trimethylhexane, m. p. 83—-85°, undepressed in 
admixture with an authentic specimen (Bickel and Waters, Rec. Trav. chim., 1950, 69, 1493). 

By gentle re =; of the iodo-nitrile with twice its volume of 90 sulphuric acid over a free flame 
(cf. Stevens, J. Amer. Chem. Soc., 1948, 70, 165; Stevens and Coffield, ibid., 1951, 78, 103) until 
decomposition was just about to set in and pouring of the resulting oil on ice, a-iodoisob utyramide was 
gay (m. p. and mixed m. p. after recrystallisation from alcohol, 183—184°). The same compound 
(m. p. 184—185°, undepressed in admixture with an authentic specimen), and not the expected 
amidoxime (cf. Steinkopf and Bohrmann, Ber., 1907, 40, 1633), resulted, in small yield, when the iodo- 
nitrile was treated with cold alcoholic hydroxylamine (Found: C, 23-0; H, 40; I, 59-4. Calc. for 
C,H,ONI: C, 22-6; H, 3-8; I, 59-6%). 


a-Iodo-a-methylbutyronitrile.—This was prepared from aa’-azo-(a-methylbutyronitrile) (Dox, J. Amer. 
Chem. Soc., 1925, 47, 1471) by a similar process. In this case the corresponding succinonitrile was 
wy — soluble in light petroleum (b. p. 40—60°) and repeated fractionation of the filtrate from the 
t petroleum precipitation was necessary. Eventually (-+)-a-iodo-a-methylbutyronitrile was obtained 

int o18e yield (eale, on iodine) as a pale w oil (b. 7 63-6°/6 mm): for anal this was set aside 


ysis 
over wrx 4 for several days before tionation (4! 1-619, PJ 1-5142) (Found: I, 60-2%; [Rp 
The total 


38-9. uires I, 60- 7% : [R]p 37-9). yield of s-diethyldimeth ylsuccinonitnile (m. p. 
or 1034 oom 73 0 calc. on the excess of azo-nitrile (Found: C, 73-4; H, 9-8; N, 16-8. Calc. for 
CyH,.N,: C, 73-1; H, 9-8; N,17-1%). Overburger, O'Shaughnessy, and Shalit U.- Amer. Chem. Soc. jl 
1949, “n: 2661) record m. p- 96—98°. It may be noted that this product may be a mixture of meso- and 
racemic forms. 


The iodo-nitrile was characterised by conversion, as above, into ge lgeg ner ye oped which 
crystallised from light petroleum (b. p. 40—60°) in feathery prisms, m. p. 63—65° (slight decomp.) 
(Found : C, 26-9; H, 4-4; 1, 55-9. C,H,,ONI requires C, 26-5; H, 44; L 56-0%). 


a-Ethyl-a-iodobutyronitrile.—This was prepared from aa’-azo-(a-ethylbutyronitrile) (Dox, loc. cit.) ; 
the by-product, tet a (m. p. and mixed m. p. 47° with an authentic specimen p: d 
by the decomposition of the azo-nitrile alone in toluene), was completely soluble in light petroleum. 
The a-ethyl-a-todobutyronitrile, b. p. 81°/6 mm., was obtained in 90% er (calc. on iodine) by repeated 
fractionation of the reaction product in the form of an amber oil, 1-547, n}* 1-5161 (Found: I, 
56-3%; [R]p 43-5. C,H,,NI requires I, 56-9%; [R]p 42-6). If kept over mercury, slight decomposition 
occurred (Found: I, 55-0%). The compound was characterised by conversion into — —. 
butyramide which crystallised from light petroleum in shining needles or massive 
78-5°. These became yellow in a few hours if exposed to the light (Found: C, 30-4: H , 50; o: Lo88. 52-9. 
C,H,,ONI requires C, 29-9; H, 5-0; I, 52-6%). 


Reaction of aa’-Azoisobutyronitrile with Bromine.—The azo-co und (19-7 g., 0-12 mole) was added 
in small portions to a vigorously refluxing solution of bromine (9- 6 mi., 0-18 mole) in dry carbon tetra- 
chloride (35 ml.) during 45 minutes, and the mixture was then refluxed for a further 75 minutes. 
Hydrogen bromide was evolved extremely slowly. The solvent and excess of bromine were removed 
through a column, and light petroleum (40 ml.) was added to the residue. The mixture was left over- 
night at 0° and filtered. The filtrate gave crude a-bromoisobutyronitrile (b. p. 30—40°/10 mm.) which 
was fractionated first at atmospheric pressure (b. p. 137—139°; 9-15 g., 26 , calc. on the azo-nitrile 
taken) and finally, after removal of traces of hydrogen bromide (dry CO,), at reduced pressure (b. p 
29°/10 mm., }f 1-4474) {Found : Br, 53-9. Calc. for CJH,NBr: Br, 54-0%).- Stevens (loc. cit. P} 
records b. p. 137—139°, n¥ 1-4460. a-Bromoisobutyramide, prepared by his method and recrystallised 
from chloroform, had m. p. 146—147°. The mixed m. p. with an authentic specimen (m. p- 147—148°) 
ed from a-bromoisobutyryl bromide was 147— 48°. No attempt was made to isolate higher 
minated substances from the crude mixture (5-7 g.) of wht oe age emer eerans and unchanged 
azo-nitrile which constituted the remainder of the reaction product. 
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Reaction of aa’-Az0-(a-methylbutyronitrile) with Bromine.—This azo-nitrile did not decompose at the 
temperature of boiling carbon tetrachloride, and the reaction was earried out in the absence of a solvent. 
Bromine (3-2 ml., 0-06 mole) was added to the just molten azo-nitrile (11-5 g., 0-06 mole), and the mixture 
was cautiously heated with a free flame. The violent reaction which rapidly set in was moderated by 
cooling of the mixture under the tap and after a few seconds the bromine had all disappeared. Very 
little hydrogen bromide was evolved. Carbon tetrachloride (7-5 -_ was then added and the mixture 
was gently refluxed for 20 minutes to complete the decomposition of the azo-nitrile. The solvent was 
distilled and the residual red oil treated with light petroleum (15 ml.) and set aside overnight at 0°. The 
solution was then decanted from the resulting mixture of tar and s-diethyldimethylsuccinonitrile, 
shaken with N-sodium carbonate, then with water, and dried. Fractionation gave (+)-a-bromo-a- 
methylbutyronitrile (6-8 ie 35% calc. on the azo-nitrile) which was collected at 40°/8—9 mm. The 
residue deposited more of the succinonitrile (m. p. and mixed m. p. after crystallisation from alcohol, 
97—102°). Refractionation of the liquid gave the bromo-nitrile as a colourless oil, b. p. 41°/8 mm., 
nj} 1-4555 (Found: N, 8-6. Calc. for C,JH,NBr: N, 8-65%). Stevens (loc. cit.) records b. p- 66— 
67°/27 mm., n}° 1-4512. (+)-a-Bromo-a-methylbutyramide, from the above nitrile, had 
m. p. 48—50° (Stevens records m. p. 46-5—48°) (Found: C, 33-2; H, 5-7; N, 7-8; Br, 44-7. Calc. for 
C,H,,ONBr: C, 33-3; H, 5-6; N, 7-8; Br, 444%). 

Reaction of Dimethyl aa’-A zoisobutyrate with Bromine.—A solution of the azo-ester (12-5 g., 0-054 mole) 
in dry carbon tetrachloride (50 ml.) was added dropwise during 20 minutes to a boiling solution of 
bromine (3-2 ml., 0-06 mole) in the same solvent (15 ml.). When the addition was complete, the 
evolution of nee bromide (which had been considerable) began to slacken; the mixture was then 
refluxed for a further 75 minutes, by which time the bromine had all reacted. The solvent was removed 
through a column, and the residual dark oil was fractionated to give pale yellow methyl a-bromoiso- 
butyrate, b. p. 36-5—38°/7—8 mm. (5-7 g., 29% calc. on the azo-ester). Refractionation gave a 
colourless product having 3 38°/9 mm., n}]f 1-4531 (Found: C, 33-1; H, 5-05; Br, 44-4. C,H,O,Br 
requires C, 33-2; H, 5-0; Br, 44-2%). Wheeler and Barnes (Amer. Chem. J., 1900, 24, 79) record 
b. p. 51—52°/19 mm., Kahovic and Kohlrausch (Sitzungsber. Akad. Wiss. Wien, 1942, 151, IIb, 48) 
record b. p. 46—46-5°/13 mm., n}j/* 1-4520, and Kharasch, Skell, and Fisher (J. Amer. Chem. Soc., 
1948, 70, een | give b. p. 52-2°/21 mm., n}? 1-4509, but ultimate anal have not been reported. 
Treatment of the bromo-ester with cold ammonia during 15 hours gave a-bromoisobutyramide, of m. p. 
and mixed m. p. 147—148°. 

Methyl (+)-a8-dibromoisobutyrate was present in higher-boiling fractions (1-3 g.; b. p. 79— 
82°/9 mm., n}¥ 1-4883) of the reaction product from the above, but it could not be isolated in a pure 
state. It was independently synthesised for comparison as follows: a solution of bromine (24 ml., 
0-45 mole) in dry carbon tetrachloride (25 ml.) was added to methyl methacrylate (45 g., 0-45 mole), 
cooled in a freezing mixture, at such a rate that the temperature did not exceed 20°. There was a 
slight evolution of hydrogen bromide. The product was fractionally distilled, methyl (+-)-aB-dibromoiso- 
butyrate passing over at 77—78°/7—8 mm. (103 g., 88%). This was shaken twice with sodium hydrogen 
carbonate solution and then with water, dried, and refractionated; it then had b. p. 79-5—80°/9 mm., 
d}$ 1-814, mn}? 1-5092 (Found: Br, 61-6%; [R]p 42°8. C,H,O,Br, requires Br, 61-56%; [R]p 42-2). 

Catalysed Chlorinations with Sulphuryl Chloride.—The sulphuryl chloride was freshly distilled over 
mercury. All reactions were carried out with the exclusion of moisture (CaCl, guard-tube), but no 
special precautions were taken to de-oxygenate the reacting mixtures. 

Benzene. A solution of dimethyl aa’-azoisobutyrate (3-45 g., 0-015 mole) in sulphuryl chloride 
(15 ml.) was added dropwise to a gently refluxing solution of benzene (AnalaR; 17-6 ml., 0-2 mole) 
and sulphuryl chloride (33 ml.; total 0-60 mole). There was a mild evolution of hydrogen chloride and 
sulphur dioxide, and the solution became yellow. After refluxing for a further 45 minutes it had become 
colourless again. The excess of benzene and sulphury! chloride was then distilled off and the residue, 
which had partly crystallised, was treated with light petroleum whereupon there was deposited a mixture 
of isomeric hexachlorocyclohexanes (3-0 g., 5% calc. on benzene), m. p. 153—158°. From this the 
a-isomer, m. p. 157—158° (Slade, Chem. and Ind., 1945, 314, gives m. p. 157-5—158°), was readily 
obtained by trituration with warm methyl alcohol followed by crystallisation from chloroform, as the 
main, and least soluble, component. In the absence of the azo-compound no reaction occurred between 
sulphuryl chloride and benzene, for the starting products could be recovered unchanged after being 
heated together. 

Toluene. A mixture of dry toluene (84-8 ml., 0-8 mole) and sulphuryl chloride (32-4 ml., 0-4 mole) 
was heated on a water-bath under reflux and aa’-azoisobutyronitrile (0-2 g., 0-00125 mole) was added. 
After an induction period of a few seconds a vigorous reaction set in with evolution of hydrogen chloride 
and sulphur dioxide. Addition of a further quantity (0-2 g.) of the azo-compound did not appear to 
increase the rate of gassing, and after 15 minutes the reaction was complete. The p ct was 
fractionated twice; the excess of toluene was recovered and the yield of benzyl chloride (35-6 g.; b. p. 
174—183°) was 70% calculated on the sulphuryl chloride. From it was prepared benzyl f-naphthyl 
ether of m. p. and mixed m. p. 99—100°. The residue (6 g.) in the flask was a black tar 

Inhibition experiments were carried out as above with, in each case, 0-2 mole of toluene, 0-1 mole of 
sulphury] chloride, and 0-0006 mole of the azo-nitrile, and refluxing for 20 minutes: 


Inhibitor. Yield of betizyl chloride, %. 
PO, ME NEE aca. con ccs caccet cucnddions taabbaiessbossasenareas 0 
SE, OD TROD occ iccccccicccssncnnssdcctckcadauseseceapetes 25 
SO, DE BEES 605: 65s.ccccce cai sen tnddaeibdpebibdestencuapues 12 


Triphenylmethane. To a solution of triphenylmethane (8-4 g., 0-034 mole) in refluxing sulphury! 
chloride (8-1 ml., 0-1 mole) was added methyl aa’-azoisobutyrate (0-11 g., 0-0005 mole); a vigorous 
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reaction soon set in. Vipin bey chetag we The solid residue remaining after distillation 
of re chloride was crystallised from light petroleum (b. p. 80—100°), ee triphenylmethyl 
chloride P 105—108° (7-4 g., 77% calc. on triphenylmethane). Its identity was confirmed by 


hydrolysis with boiling water to trip yicarbinol, m. p. 162°, undepressed by admixture with an 
authentic specimen. 


cycloHexane. A mixture of cyclohexane (64-7 ml., 0-6 mole), sulphury! chloride (16-2 ml., 0-2 mole), 
and dimethyl] aa’-azoisobutyrate (0-22 g., 0-000125 mole) was heated on the steam-bath under reflux ; 
after an induction period the reaction set in, but this was not so as in the chlorination of toluene. 
After 20 minutes reaction was complete, and the product was then fractionated, giving 13-5 g. (57% 
oa on sulphury! chloride) of cyclohexyl chloride, b. p. 141—143°, n}f 1-4642. 


ic acid. A mixture of propionic acid (59-7 ml., 0-8 mole), sulphury! chloride (32-4 ml., 
0- ome ), carbon tetrachloride (40 ml.), and dimethyl aa’ -azoisobutyrate (0-45 g., 0-002 mole) was heated 
on the ane bath, light being excluded. After a short time hydrogen chloride and sulphur dioxide were 
slowly evolved. This conned after 90 minutes. Excess of thionyl chloride (115 ml.) was then added, 
and the mixture was refluxed for 4 hours and then fractionated, a-chloropropiony! chloride (1-5 g., 
3% calc. on sulphury! chloride) ing over at 110°. This was characterised by conversion into 
a-chloropropionamide, m. p. 80° (Beckurts and Otto, Ber., 1876, 9, 1592, give 80°). 


M. p.s and b. p.s are uncorrected; analyses and density determinations are by Drs. Weiler and 
Strauss. 


One of us (M. C. F.) thanks the Department of Scientific and Industrial Research for a Maintenance 
Grant. 
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407. An Amylopectin-type Polysaccharide Synthesised from Sucrose 
by Cl. butyricum. 
By P. N. Hopson and H. Nasr. 


The iodophile polysaccharide synthesised in the interior of the cells of Ci. 
butyricum grown in a sucrose medium has been partly purified. It has been 
shown to be a polyglucose of the amylopectin type. 


TuHE presence of substances in the interior of the bacterial cell giving conspicuous colour 
reactions with iodine has long been known to bacteriologists and, on the basis of these and 
other reactions, they have been presumed to be starch-type polysaccharides. Precise inform- 
ation regarding the chemical constitution of these substances has, however, rarely been obtained, 
although Carlson and Hehre (J. Biol. Chem., 1949, 177, 281) have examined the starch synthesised 
from glucose-1 phosphate by diphtheria bacilli, and Hehre and Hamilton (ibid., 1946, 166, 777) 
and Hehre (ibid., 1949, 177, 267) have also studied the extra-cellular polysaccharide synthesised 
from sucrose by the intact bacteria and by a cell-free enzyme from a strain of Neisseria perflava. 
In addition Barker, Bourne, and Stacey (j., 1950, 2884) have shown that the polysaccharide 
produced by a different strain of N. perflava is ramified and has an average basal chain length 
intermediate between that of amylopectin and glycogen. The present work deals with the 
iodine-reacting substance synthesised in the interior of the cells of Clostridium butyricum grown 
in a sucrose medium. The strain employed was isolated from the cecum of pigs fed on raw 
potato starch and is listed in the National Collection of Type Cultures (culture No. 7423). 
This strain is known to be primarily responsible for the breakdown of starch occurring in the 
pig’s cecum (Baker, Nasr, Morrice, and Bruce, J. Path. Bact., 1950, 62, 625). Nasr and Baker 
(Nature, 1949, 164, 745) have presented preliminary evidence which indicates that a phosphoryl- 
ating mechanism may be involved in the observed synthesis of iodine-reacting substance, 
although the presence of an enzyme system of the “ amylosucrase”’ type (Hehre, loc. cit.) 
cannot be entirely discounted. 

The dried bacterial cells were stained purple by iodine and were largely insoluble in hot 
dilute sodium hydroxide. Acid hydrolysis by the method given below showed that the cells 
contained 32°8% of acid-hydrolysable polysaccharide of which 5—6% was in the form of 
oligosaccharides not precipitated by acetone. Small portions of the dried bacteria were treated 
by six different methods designed to yield the polysaccharide. Except for the fractions 
extracted by autoclaving, the acid-hydrolysable polysaccharide in the extracts was not more 
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than 5°3% of the original weight of bacteria, the remaining polysaccharide being in the bacterial 
residues. The properties of the fractions extracted by treatment of the bacteria with chloral 
hydrate solution (fraction Cl) and by autoclaving in the presence of barium carbonate (fractions 
Al and A2) are shown in the table. Fractions Cl and Al were white powders almost entirely 
soluble in hot dilute sodium hydroxide, but giving a positive Millon’s test. 


The polysaccharide synthesised from sucrose by Cl. butyricum. 
Acid-hydrolysable Polysaccharide-iodine 


63- 
62- 

eeehes ave 53- 
Potato amylopectin ove 48- 
Potato starch . eee ° 56- 


* See Ex rimental section for the Fy more reparation of these fractions. 
+ The values are determined from the weight of acid-hydrolysable polysaccharide in the fraction. 


69- 
70- 
57- 
51- 


5 
6 
1 
“0 
0 


“0 
7 
3 
1 
60-3 


The polysaccharide was characterised as a polyglucose by paper chromatography of the 
products of acid hydrolysis, and its hydrolysis by B-amylase provided strong evidence that the 
primary linkage is of the «-1 : 4-glucosidic type. The low blue value and purple iodine stain 
are characteristic of amylopectin, although the limiting conversion into maltose by B-amylase 
is somewhat higher than that of potato amylopectin. In this respect it resembles the ‘‘ Fraction 
B” of the polysaccharide isolated from diphtheria bacilli by Carlson and Hehre (loc. cit.). 
That it was not an amylose whose properties were masked by lipoid material was shown by 
the exhaustive extraction of fraction Al with 85% aqueous methanol, which did not affect 
its properties. 

The action of amylose-precipitants cannot be determined with the protein-containing 
fractions at present available, but the nature of the iodine stain renders it unlikely that the 
polysaccharide is a mixture of amylose and amylopectin such as is found in potato starch. 

The protein impurity in the extracts appears to be firmly bound to the polysaccharide, for 
attempts to remove it resulted in co-precipitation of polysaccharide and protein. 

The polysaccharide remajning in the residues cannot be extracted by a repetition of the 
procedures used here, but the material is stained purple by iodine and it seems likely that the 
polysaccharide is similar to that contained in the extracts. 

Further studies are in progress. 


EXPERIMENTAL. 


The weights quoted refer to polysaccharide fractions dried at 60° in a vacuum over phosphoric oxide. 
Reducing sugars were determined by Somogyi’s copper reagent (J. Biol. Chem., 1945, 160, 61) ina 
measured volume of the supernatant liquid after the solutions had been neutralised with a setsomey 
determined volume of N-sodium hydroxide and “epee with zinc sulphate and barium hydroxide 
by the method given by the same author (ibid., p 


Potato Amylopectin.—The amylopectin was prepared by thymol fractionation of potato starch, 
followed by purification of the amylopectin fraction on a cotton-wool column (Hobson, Whelan, and 
Peat, J., 1950, 3566). 


Preparation of the Dried Bacteria.—Cultures were grown in modified Beijerinck-sucrose medium, 
containing sucrose (10 g.), peptone (10 g.), precipitated chalk (6 g.), disodium hydrogen phosphate 
(0-1 g.), magnesium sulphate (0-1 g.), sodium chloride (0-1 g.), and water (200 c.c.), until gas production 
ceased, whereafter excess of calcium carbonate was removed by filtration and the micro-organisms were 
removed on a centrifuge at 3000 r.p.m., washed, and dried in vacuo over calcium chloride. 


Analysis of the Polysaccharide Fractions.—(a) Hydrolysis by aqueous acid. A portion (about 0-030 g.) 
of the polysaccharide was wetted with alcohol, and 0-1N-sodium hydroxide (10 c.c.) was added. The 
material was dissolved as far as possible by heating it in a boiling water-bath for not more than 9 minutes 
(longer heating caused degradation of starch fractions) with intermittent shaking, and the solution 
cooled, neutralised with N-sulphuric acid, and diluted to 25 c.c. a (a)). After goons erp of 
this solution, 5 c.c. of the supernatant liquid were transferred to a dry flask, 5r'-sulphuric acid (2-15 c.c.) 
was added, and the flask lightly stoppered and heated in boiling water for 3 hours. The solution was 
diluted to 10 c.c. after cooling and neutralisation, and the reducing sugars in suitable duplicate aliquots. 
were determined as glucose. A correction was made for loss of glucose during the hydrolysis (see Pirt 
and Whelan, J. Sci. Food Agric., 1951, 2, 224), and the amount of starch type polysaccharide in the original 
solution was then calculated. 
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(b) Bine value. A portion of the neutral ——- {(a) above] containing 0-5 mg. of eet. per 

es ee with iodine under the standard conditions prescribed by Bourne, Haworth 
acey, and Peat (J., 1948, 924). 

(c) B-Amylolysis. Soya-bean f-amylase, prepared as described urne, and Peat (/., 
1945, 882), was used. The ee eee Whelen and Peat { U.-. 1950, ). 
A further volume (15 c.c.) of solution (a) was incorporated in a digest con in addition 0-2m- 
acetate buffer (pH 4-8; 3 c.c.), B-amylase solution (2 c.c. ; de oe eirny tg 
water to 25 c.c. The digest was incubated at 35° and the reduci 
determined at intervals. <A blank digest containing water in place o 
incubated in parallel and from this a correction was made for the reducing power of the enzyme alone. 
The f-amylase digest was made up immediately after centrifugation of the polysaccharide solution, as 
such neutral solutions showed a tendency to deposit a slight precipitate after some hours. The p- 
amylolysis of amylopectin and potato starch was carried out under the same conditions, a portion of 
a neutral solution prepared as in (a) containing 0-0100 g. of polysaccharide being incorporated in the 
digest. 

P (d) Protein test. Millon’s mercuric nitrite reagent was used as a test for protein in the polysaccharide 
ractions. 


Determination of the Total Polysaccharide in the Original Bacteria and in the Residues remaining after 
Extraction of the Soluble Polysaccharide.—These materials were largely insoluble in aqueous sodium 
hydroxide, so the following procedure was adopted. A portion (about 0-040 g) was treated with 0-ln- 
sodium hydroxide as above and then neutralised with 5n-sulphuric acid, and a further volume (4-3 c.c.) 
of acid added. The whole was heated in boiling water for 3 hours, whereupon most of the residue 
dissolved. After being cooled and neutralised the solution was diluted to 25 c.c., and the reducing 
sugars in suitable duplicate aliquots were determined as glucose. 


Extraction of the Bacteria with Chloral Hydrate Solution.—The method is essentially that described 
by Meyer and feld (Helv. Chim. Acta, 1940, 23, 875). The dried bacteria (0-9360 g.) were stirred 
with 33% he pq! chloral hydrate solution (20 c.c.) at 80° for 3} hours. The insoluble residue, which 
was collected on the centrifuge, was re-extracted for 2 hours with 30 c.c. of the chloral hydrate solution. 
The combined extracts were injected in a fine stream into acetone (100 c.c.), and the flocculent pre- 
cipitate was dried by trituration with acetone and ether, the ether being finally removed in a vacuum- 
desiccator over phosphoric oxide, to give fraction Cl. The residue was washed repeatedly with acetone 
and ether and dried as above (fraction C2). This —— acid-hydrolysable polysaccharide equivalent 
to 22-6% of the weight of the dried bacteria. 


Extraction of the Bacteria by Autoclaving.—The dried inet (1-415 g.) were autoclaved with barium 
carbonate (0-6 g.) and water (180 c.c.) at 20 Ib./sq. in. for 34 hours. The residue, containing barium 
carbonate, was removed on the centrifuge and, to the extract, acetone (2 volumes) was added. The 
resulting precipitate was removed on a centrifuge and was extracted twice by being stirred with 50 c.c. 
of 1% sodium acetate solution for 30 minutes at room temperature. To the combined extracts two 
volumes of acetone were added, and the precipitate was compacted on the centrifuge and dried by 
trituration with acetone and ether as above (fraction Al). The residue was also ned in acetone 
and dried to give fraction A2. 


The residue from the autoclaving was similarly extracted with sodium acetate to give fraction A3 
and a residue (fraction A4). These fractions contained small amounts (9% and 5%) of polysaccharide 
soluble in 0-1N-sodium hydroxide and giving a purple iodine stain. 

Autoclaving of Potato Starch.—Potato starch was autoclaved under the conditions described above. 
The blue values of the starch before and after autoclaving were 0-474 and 0-471 respectively. Thus this 
treatment causes no degradation of the polysaccharide. 


Characterisation of Fraction Al as a Polyglucose.—A portion (0-0141 g.) of fraction Al was hydrolysed 
for 5 hours with 2n-sulphuric acid (2 c.c.) in a stoppered tube heated in a boiling water-bath. After 
neutralisation with barium carbonate and eo the precipitate was washed with water (2c.c.), the 
washings were added to the original supernatant id, and the combined solutions evaporated under 
reduced pressure at ca. 40° to a syrup. Spots of syrup p were placed on a strip of tman No. 1 
filter paper which was developed downwards with ethyl methyl helene saturated with water (Partridge, 
Biochem. ]., 1948, 42, 238) for 51} hours at room temperature together with a reference mixture of 
glucose, fructose, and arabinose. On treatment with aniline hydrogen phthalate reagent (Partridge, 
Nature, 1949, 164, 443) glucose, together with very small traces of fructose and a pentose with an Re 


value corresponding to ribose, was found in the acid hydrolysate. The acid-hydrolysable material is 
thus largely a polyglucose. 
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408. Configurational Correlation of Chloramphenicol with 
Nor--ephedrine. 
By GAsor Fopor, Jézser Kiss, and IstvAn Satay. 


The conformation of some acylated derivatives of chloramphenicol (I) 
has been proved by comparative acyl migration experiments to be identical 
with that of nor-/-ephedrine (III). The configurational relation of (I) to 
nor-y-ephedrine was established by means of chemical interconversions. 
These investigations (cf. preliminary report, Nature, 1951, 167, 690) proved the 
correctness of previous assumptions regarding the stereochemistry of (I), 
based on optical rotation data (Rebstock et al., J. Amer. Chem. Soc., 1949, 
71, 2458), and on the behaviour of its diacyl derivatives in N-——> O acyl 
migration reactions. 


EARLIER work (Fodor, Koczka, and Szekeres; Fodor, Kiss, e¢ al., Hungarica Acta Chim., 
in the press) have related (a) (+-)-2-amino-1-p-hydroxyphenyipropanol, m. p, 164°, and (+-)-2- 
amino-1-p-methoxyphenylpropanol, m. p. 117—118°, to (+)-norephedrine, and (b) (+)-2-di- 
methylamino-l-phenylpropanol, m. p. 63°5°, to (+)-ephedrine. The present paper records 
experimental proof of the configurational relation of chloramphenicol (‘*‘ Chloromycetin ’’) (I) to 
nor-4-ephedrine. 

Rebstock et al. (J. Amer. Chem. Soc., 1949, 71, 2458), who elucidated the chemical structure 
of chloramphenicol, assumed on the basis of optical rotation data that its configuration was that 
of (—)-nor-g-ephedrine. Fodor and Kiss (Nature, 1949, 164, 917) have shown acyl migration 
from nitrogen to oxygen to be stereospecific for diastereoisomeric a8-amino-alcohols, and we 
have used this reaction in our present work. We applied it, however, not to chloramphenicol 
itself, but to the acyl derivatives of the related diastereoisomeric 2-amino-1-phenylpropane- 
1 : 3-diols. 

The diastereoisomer (II) of m. p. 86° leads by consecutive acetylation, nitration, and 
deacetylation to (+-)-2-amino-1-p-nitrophenylpropane-1 : 3-diol (IV; R = H), whence (+)- 
chloramphenicol (I) is obtained by dichloroacetylation (Controulis, J. Amer. Chem. Soc., 1949, 
71, 2463). However, the configurational correlation thus indicated requires proof that no 
inversions have intervened : the triacetyl derivative (IV; R= Ac) was ee to (V)} 


H CH,OH 4 Pl all = OH 7 steps 
PNOC HY —H ot me —-> 
HO NH-CO-CHCI, oh ar 


(I.) (II.) aa) 


H CH,OR 4 H,-OAc son 
a 


PNOC HR 4 —»> p-NH,C,H —H mt 
RO NHR AcO N ad 


(IV.) (V.) (V1.) 
HO GH OR 


ea (VII.) 
= 


and the aromatic amino-group then eliminated reductively, but concomitant partial 
deacetylation led to isolation of the ON-diacetyl compound (VI; R = R’ = Ac); the proof of 
correlation of chloramphenicol with (II) and its acyl derivatives is thus complete. 

In the diastereoisomeric O*N-diacetyl* derivatives (VI and VII; R= R’ = Ac) acyl 
migration from nitrogen to oxygen can occur in one direction only, namely, to O'. When the 
diacetyl derivative of the amino-diol (II) of m. p. 86° was treated with alcoholic hydrogen 
chloride acyl migration readily occurred, whereas the erythro-isomer (Controulis et al., loc. cit.) 
was recovered unchanged. Similar results attended experiments with the O%-acetyl-N-benzoyl 
derivatives (VI and VII; R= Ac, R’ = Bz). Thus, for the acylated threo-amino-diols (VI) 
the hydroxy] group at C,,, and the acylamino-group at C,,, are spatially near to each other, and 


* The oxygen atom attached to C,,) which carries the phenyl group is termed O, and the other O*. 
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in the erythro-isomers (VII) are remote from one another. We thus assign the cis-conformation 
to (VI), and the tvans-conformation to (VII) (for the conception of ‘‘ conformation ’’ see Wheland, 
“Advanced Organic Chemistry,” 1949, p. 180), although according to Freudenberg 
(‘‘ Stereochemie,” 1933, pp. 667, 668) such assignments could not previously be made. 
Chloramphenicol, being related to (VI), has the cis-conformation of the O}-hydroxyl and the 
amino-group. However, assignment of conformation does not necessarily prove the 
configurations of the individual carbon atoms. The suggestion by Fodor e¢ al. (J. Org. Chem., 
1949, 14, 337) that in «$-amino-alcohols the conditions necessary for restricted rotation are 
present is supported by calculations of the action spheres of van der Waals forces of atoms and 
atomic groupings in this series (A. Kiss, unpublished); also Welsh (J. Amer. Chem. Soc., 1949, 
71, 3500) concludes as a result of considerations of models, that for ephedrine and ¥-ephedrine 
and their derivatives the molecule is most stable if the methyl and aryl groups are trans to one 
another. Our experimental results and these theoretical considerations, taken together, show 
that in chloramphenicol not only has the hydroxyl and the amino-group in cis-conformation but 
also is related to y-ephedrine. The projection formule used by us (cf. Close, J. Org. Chem., 
1950, 15, 1131) reflect the cis-conformation of y-ephedrine derivatives (for configuration see 
Freudenberg, J. Amer. Chem. Soc., 1932, 54, 234; Welsh, loc. cit.); we propose to denote the 
conformations also in the nomenclature, regarding %-ephedrine and its configurationally related 
derivatives as cis, and ephedrine and its configurationally related derivatives as trans. 


H GHyOR oan H CH,-O cH,C) 
* @ —H ——> + Ppr¢—<-H | le mt —(-H 
HBz AcO NH=CPh NHBz 


We 
(VIII.) Cl (IX.) (X.) 


Ee H ‘CH,OBz Bes OBz 

pt —H —H a m¥ 

HO NHBz re NH,}CI NHAc 
(XI.) (XIL.) (XIII) 


Our conclusions were further confirmed by conversion of the N-benzoyl derivative (VIII; 
R= R’ =H), m. p. 165—166°, of 2-amino-l-phenylpropane-1 : 3-diol (II) into a nor-/- 
ephedrine derivative. For our purposes we desired to prepare a compound in which the 3-hydr- 
oxyl group was replaced by halogen. Reaction of (VIII; R = R’ = H) with methanesulphony! 
chloride gave unexpectedly 4-methanesulphonyloxymethy]-2 : 5-diphenyloxazoline, which was 
of no use for configurative tests since oxazoline ring formation is usually associated with 
inversion (Johnson and Schubert, ibid., 1950, 72, 2187). To block the secondary hydroxyl 
group, the 3-triphenylmethy] ether (VIII; R = CPh,, R’ = H) was prepared and acetylated to 
give (VIII; R= CPh,, R’ = Ac) which by hydrogenolysis should afford the O'-acetyl-0O*- 
hydroxy-derivative. In neutral solution, however, hydrogenolysis removed the acetyl rather 


(VIII; H,-Pa H,-O-CPh, CH,OH iain, O,H 
R= CPh, Ga?” Ph-CH,(—-H — > Pr-CH;(—H *—— cnt 
R’ =Ac) NHBz NH, H, 

(XIV.) (XV.) (XVI.) 


than the triphenylmethy]l group : the product was shown to be (XIV) by stepwise hydrolysis of 
the triphenylmethoxy- and benzoyloxy-groups, leading to p.-2-amino-3-phenylpropanol (XV) 
which had been obtained from 3-phenyl-p1-alanine (XVI) by Karrer et al. (Helv. Chim. Acta, 1948, 
81, 1717). Hydrogenation in presence of a small amount of hydrogen chloride as proton-donor 
gave the desired 3-acetoxy-2-benzamido-3-phenylpropanol (VIII; R = H, R’ = Ac) together 
with triphenylmethane; the acetate could also be obtained by acidolysis (Reynold, Org. Synth., 
1942, 22, 56). However, at pH >7 this compound underwent O1——> O® acyl migration, 
giving 3-acetoxy-2-benzamido-l-phenylpropanol (VIII; R= Ac, R’ = H), which was also 
obtained by partial acetylation of the amino-diol and, in contrast to its isomer, gave no triphenyl- 
methyl] derivative. The two acetates also gave different oxazoline derivatives; that from the 
second monoacetate was later shown also to belong to the cis-series, and with an excess of 
acetic anhydride both monoacetates yielded the same diacetate (VIII; R = R’ = Ac), thus 
establishing that the acetyl] migration involved no change of configuration. 

Halogenation of the primary alcohol (VIII; R =H, R’ = Ac) proved difficult. Under 
mild conditions it afforded a methanesulphonate but if the temperature was not controlled 
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di-(3-acetyl-2-benzamido-3-phenylpropyl) ether was obtained. Attempts to convert the 
methanesulphonyloxy-group into the iodide or chloride by means of sodium iodide or lithium 
chloride respectively, or into the methyl group by means of lithium aluminium hydride, failed. 

Phosphorus tribromide alone or in pyridine gave a mixture. Thionyl chloride alone yielded 
the 1 : 3-dichloride, but in ethyl acetate gave the hydrochloride of the oxazoline (IX). To 
decide whether oxazoline ring formation involved inversion, the salt was hydrolysed to l-acetoxy- 
2-amino-3-benzoyloxy-1-phenylpropane (XII), which was also obtained by the action of hydro- 
chloric acid on 3-acetoxy-2-benzamido-3-phenylpropanol (VIII; R= H, R’ = Ac), thus 
proving that ring closure occurred with retention of configuration. The action of alkali, how- 
ever, on (XII) leads to 2-acetamido-3-benzoyloxy-1-phenylpropanol (XIII). The migration of 
the acetyl group from O' to N was obviously more rapid than the reverse migration of the 
benzoyl group from O%,. This fact also provides evidence for the proximity of hydroxyl and 
benzamido-groups at C,,, and C,,). 

Subsequently, the conversion of the oxazoline salt (cf. IX) into the desired chloro-derivative 
(X) was attempted. Heating (analogous cases are recorded by Fry, J. Org. Chem., 1949, 14, 
887) resulted in the covalent bonding of the chlorine ion, but a partial replacement of the acetoxy- 
group by chlorine occurred simultaneously. Heating in dioxan or ethyl acetate proved more 
successful, yielding (X) quantitatively. 

Hydrogenolysis of (X) in an alcoholic barium hydroxide suspension with palladium—charcoal 
as catalyst, gave a crystalline chlorine-free compound, which by virtue of its analysis and mixed 
melting point was (-+)-N-benzoylnor-/-ephedrine (XI), the l-acetoxy-group having undergone 
a simultaneous Kunz hydrolysis. The conclusion is thus justifiable that 2-amino-1-pheny]l- 
propane-1 : 3-diol of m. p. 86° (and consequently chloramphenicol) and nor-$-ephedrine have 
related configurations. Thus the correctness of the configurational conclusion deduced from 
optical rotation data, as well as from N ——> O acy] migration, has been proved. 


EXPERIMENTAL. 


Acyl Migration N —>» O among the Diastereomeric O°N-Diacyl Derivatives of 2-Amino-1-phenylpropane- 
1 : 3-diols.—(-+-)-cis-2-Acetamido-3-acetoxy-1-phenylpropanol, m. p. 167°, and its diastereoisomer, m. p. 
110—111°, were prepared according to Controulis ef al. (loc. cit.) 

(+)- -cis-3- Acetoxy-2-benzamido-1-phenylpropanol was Coen from the corresponding benzamido- 
diol, m. p. 165° (3-7 g.; 0-0136 niol.) by allowing it to react for 2 hours at 25° with acetic anhydride 
(1 c.c.; 0-0098 mol.). Evaporation and recrystallization of the residue from water (60 c.c.) afforded 
crystals (1-5 g.), m. p. 131—132° (Found: C, 69-0; H, 66; N, 4-75. C,,H,,O,N requires C, 69-1; 
H, 6-1; N, 455%). 

Its diastereoisomer was prepared by hydrogenation of B-acetoxy-a-benzamidopropiophenone (Lon 
and Troutman, J. Amer. Chem. Soc., 1949, 71, 2471) (6-2 g.; 0-02 mol.) in anhydrous ethanol (290 c.c. 
over palladium-charcoal (5 g.; 14% of palladium). Recrystallization from 69% ethanol (180 c.c. 
afforded crystals, m. p. 165—166° (Found: N,4-7%). Controulis e¢ al. (loc. cit.) recorded the same m. p 
for their erythro-isomer. 

Acyl migration N —-> O.—(-+-)-cis-1 : 3-Diacetoxy-2-amino-1-phenylpropane (1-2 g.) was obtained on 
keeping a solution of the O* : N-diacetyl derivative (VI; R = R’ = Ac) (1-5 g., 0-006 mol.) in a 15-3% 
solution of hydrogen chloride in anhydrous methanol (18 c.c.; 0-057 mol.) overnight. Evaporation of the 
solvent in vacuo, followed by recrystallization from alcohol ( 18 c.c.) and ether fae c.c.), gave the diacetate, 
unchanged m. p. 186° (Found : Cl-, 12-4, 12-2. C,,;H,,O,NCI requires Cl-, 12-4%). 

Basification effected the reverse (O——»>N) migration, furnishing i, cis-O* : N-diacetate, m. p. 
168—169°. 

The erythro-diastereoisomer (VII; R = R’= Ac) (1-5 g.) furnished on similar treatment only 
unchanged material (1-45 g.), m. p. L1O—111°. 

(+)-cis-3-A cetoxy-2-amino-1-benzoyloxy- ml yee propane hydrochloride (0-66 g.) was prepared by 
keeping the amide (VI; R = Ac, R’ = Bz) (1-24 g., 0-004 mol.) overnight in dioxan (10 c.c.) and 
6n-hydrogen chloride in dioxan (2 c.c.; 0-012 mol.). The hydrochloride, m. p. 175—176°, could be 
ee! Me from alcohol, its m. p. rising thereby to 182—-184° (decomp.) (Found: N, 4-3; Cl-, 10-3. 

C,,H,,O,NCI requires N, 4-0; Cl-, 10-1%). 

Basification of the aqueous solution (2 c.c.) of this salt (0-3 8- ) furnished, owing to O-——>N acyl 
migration, the amide (VI; R = Ac, R’ = Bz) (0-20 g.), m. p. 131°. 

The diastereoisomer (VII; R = Ac, R’ = Bz) (1-243 g.) was dissolved in absolute dioxan (10 c.c.), 
and 6N- ee T° chloride in dioxan added. The crystals (0-68 g.), which separated after 12 hours, were 
filtered off, and had m. p. 165—166°, undepressed on admixture with the starting material. Evaporation 
of the mother-liquor and recrystallization of the residue from 60% alcohol (18 c.c.) afforded a further 
crop (0°36 g.), m. p. 163—164°. Formation of a hydroch).ride could not be detected. 


(+)-cis 2-A mino-1-p-nitrophenylpropane-1 : 3-diol. FSG ete peaetd are rs ee 3-diol, m. p. 
86°, prepared accordin ing to Fodor, Kovacs, and Téth from cinnamy] acetate (unpublished), was identical 
with a sample obtain according to Controulis et al. (lec. cit.). e triacetyl derivative, m. p. 79°, was 
converted, by the American authors’ method into the nitro-triacetate, m. p. 146—147° and this, in turn, 
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pr ms to 2-amino-1-p-nitrophenylpropane-1 : 3-diol, m. Pi 142°. The reverse process, acetylation 
the amino-nitro-diol, furnished the same triacetate, m. p. 146—147°. 

(+)-cis-2-Acetamido-1 : 3-diacetoxy-1-p-aminophenylpropane Hydrochloride.—This salt (1-72 g.) was 
obtained as a deliquescent solid ag by pdoumenntt of of the nitro-triacetate (1-55 g., 0-0046 mol.) in 
alcohol (25 c.c.) and 6n-ethano: hydrogen chloride (2-9 c.c., 0-0174 mol.) over palladium-charcoal 
(0-5 g.) (Found: Cl-, 10-3. CAH ON Cl requires Cl-, 10-3%). 

The hydrochloride (1-5 g., 0-0044 mol.) in concentrated hydrochloric acid (1-5 c.c.) and water apron 
was diazotized by sodium nitrite (0-322 0-0045 mol.) in co (6 c.c.) at 0°. Reduction was th 
carried out with hypophosphorous acid, ly prepared from the calcium salt (4-12 g., 0-02 mol.) in 
water (14 c.c.) by means of concentrated sulphuric acid (1-23 c.c.). Evolution of nitrogen ceased after 
12 hours. Extraction with ethyl acetate (100 c.c.), with sodium hydrogen carbonate solution, 
drying, and evaporation furnished crystals (0-62 g.). Recrystallization from ethyl acetate—light 

troleum (2:1; 6 c.c.) afforded crystals (0-192 g. i. m. p. 166—167°, undepressed by authentic 
na ogo > RRR omen ee (Controulis e¢ al., loc. cit.) (Found: N, 5-8. Calc. for 
Hy 6%) 

Conversion of (-+-)-cis-2-Amino-1-phenylpropane-1 : 3-diol into (+-)-N-Benzoylnor-}-ephedrine.— 
(+)-cis-2-Acetamido-3-acetoxy-l-phenylpropane (VI; R = pred = Ac), obtained from (+)-cis-OON- 
triacetyl-2-amino-1-p-nitrophenylpropane-1 : 3-diol, was from (+)-2-amino-1-phenyl- 
propane-l : 3-diol (II), m. p. 86°, by acetylation. (II) = on benzoylation (Controulis ef al. 
(loc. cit.) the N-benzoyl derivative (VII1; R = R’ = H), m. p. 165—166°. Its conversion into (-+-)-nor- 
#-ephedrine was carried out as follows. 

(+)-cis-2-Benzamido-1-phenyl-3-triphenylmethoxypropanol. (VIII; R= R’ =H) (70 g., 0-258 
mol.) and Se oan (71 g., 0-258 mol.) in anhydrous pyridine (180 c.c.) were heated for 
30 minutes on the steam-bath, set aside for 12 hours at 25°, and poured into water (11). The precipitated 
gum crystallized when stirred for several hours. The crude product (85-7 g., 65%; m. p. 176—182°), 
when recrystallized from alcoho 1(1020 c.c.), afforded a pure ether (65-6 g.), m. p. 185 —186° (Found : 
C, 81-5; H, 6-7. C,,H,,0,N requires C, 81-3; H, 6-1%). 

(+)-cis-1-Acetoxy-2-benzamido-1-phenyl-3-triphenylmethoxypropane. The foregoing ether (70 g., 
0-1365 mol.) and acetic anhydride (18-6 c.c.; 0-197 mol.) in pyridine (274 c.c.) were heated for 30 minutes 
on the steam-bath and then kept for 12 hours at 25°. Carbon disulphide (500 c.c.) was added, and the 
whole extracted consecutively with water (4 x 100 c.c.), N-hydrochloric acid (5 x 100 c.c.), and water 
(4 x 100 c.c.) until free from pyridine. The dried solution was concentrated to 225 c.c. in vacuo, and 
then light petroleum (896 c.c.) was added. On cooling, plates separated (66-6 g. 87-9%), m. p. 141— 
142° (Found: C, 80-3; H, 6-5; N, 2-55. C,,H,,O,N requires C, 80-0; H, 5-9; N, 27%). 

Re terre tee ates Prarkni ben -2 : 5-diphenyloxazoline. To a solution of diol (VIII; R = R’ = H) 
(2-71 g., 0-01 mol.) in pyridine (25 c.c.) methanesulphony!] chloride (4-6 c.c., 0-068 mol.) in pyridine (28 c.c.) 
was added dropwise at —10° with stirring. After 16 hours, ether (200 c.c.) was added, and the solution 
washed with water and dilute sulphuric acid, dried, andevaporated. The residual oxazoline, recrystallized 
from trichloroethylene (9 c.c.) and light petroleum (8 c.c.), had m. p. 113—114° (Found: C, 61-9; H, 
5-3. C.,.H,,0,NS requires C, 61-7; H, 5-1%). 

(+)-cis-3-A cetox -2- -benzamido-3-phenylpr a bya (VIII; R =H, R’ = Ac). (a) Hydrogenolysis of 
VIII; R = CPh,, = Ac) (11-1 g., 0-02 mol.) in anhydrous alcohol (250 c.c.) over palladium-charcoal 
6 g.) in the presence of alcoholic 3n-hydrogen chloride (6-25 c.c.; 0-019 mol.) took place within 
70 minutes. The filtrate was neutralized with alcoholic n-sodium hydroxide (methyl-red) with 
stirring, filtered, and evaporated in vacuo to dryness. The residual solid t 11-2 g.) was extracted with 
light’ = Fre woe (400 c.c.) to eliminate triphenylmethane, the insoluble part was dissolved in benzene 
(60 c.c.), and subsequently light petroleum (75 c.c.) was added. Cooling afforded crystals (1 g.), m. p. 
120—125°. Recrystallization from ethanol (30 c.c.)-light petroleum afforded a pure acefate, m. p. 
126—127° (Found: C, 68-7; H, 6-6; N, 4-55. C,,H,,O,N requires C, 69-1; H, 6-1; N, 44%). A 
mixture with the isomeric acetate (m. p- 135°) melted at 100—115°. On repeating the ex so but 
neutralizing the hydrogenation mixture to ee ee the O°-acetate derivative (VIII = Ac, 
R’ = H) was isolated, m. p. 131—132°, undepressed by —- obtained by sepaniatainiies of the 
diol; its treatment with triphenylmethy] chloride furnished only unchanged material. 

(6) The ether acetate (VIII; R = CPh,, R’ = Ac) (14-02 g., 0-025 mol.) in glacial acetic acid (66 c.c.) 
was hydrolysed by a 7-85n-solution of hydrogen bromide in acetic acid (5-8 c.c., 0-044 mol.) at 0° (stirring) 
within 45 seconds. The reaction mixture was rapidly poured into ice-water (1 1. ), with stirring, furnishing 
the crude propanol (VIII; R = H, R’ = Ac) (7-1 g.), m. p. 110—126°. Recrystallization fro m dioxan 
(28 c.c.)—light petroleum (35 c.c.) afforded crystals 49 g-), m. p. 126—127°, undepressed by a specimen, 
obtained as in (a). 

(c) Reconversion of (VIII; R =H, R’ = Ac) (0-313 g., 0-001 mol.) into the ether (VIII; R = 
CPh,, R’ = Ac) was effected in pyridine (1 c.c.) on addition of triphenylmethyl chloride (0-28 g., 0-001 mol.) 
and heating of the mixture for 30 minutes on the steam-bath. Next morn ; carbon disulphide (50 c.c.) 
was added, and the whole then worked up as described above. Rec tion furnished the pure 
ether, m. p. 140—142°, undepressed by an authentic sample (Found: C, 81-7; H, 6-5%). 

(d) Acetylation of (VIII; R = H, R’ = Ac) (1-35 g., 0-0043 mol.) took place in anhydrous pyridine 
(5 c.c.) with acetic anhydride (2 c.c., 0-0195 mol.) on the steam-bath (90 minutes). Dilution with water 

c.c.) then gave needles of 1 : -diacetoxy ny er Ee pom me (VIII; R = R’ = Ac) (1-4¢.), 
=. 140—141°. Recrystallization from benzene (20 c.c.) aff crystals, m. p. 143—144° (Found : 

7-9; H, 64. C,,H,,O,N requires C, 67-6; H, 69%). 
The same product was obtained on acetylating the acetate (VIII; R = Ac, R’ = ead or the benzamido-. 


diol (VIII; R = R’ = H) (3-7g., 0-0136 mol.) in pyridine (15 c.c.) with acetic anh ide (5c.c., 0-05 mol.) 
for 2 hours at 25°. 


= 
Cc, 
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(+)-cis-2-Benzamido-3-methanesulphonyloxy-l-phenylpropanol (VIII; R = Ac, R’ = MeSO,). To 
a solution of (VIII; R = H, R’ = Ac) (4°88 g., 0-0156 mol.) in pyridine (30-5 c.c.) a solution of methane- 
sulphonyl chloride (11-6 g., 0-102 mol.) in pyridine (46-4 c.c.) was added dropwise with shaking at — 15°. 
The red solution was poured after 12 hours on ice (50 g.), and the precipitated propanol (4-95 g., 82%; 
m. p. 108—135°) were then recrystallized from dioxan (60 c.c.)—light petroleum (330 c.c.), forming piates 
(2-39 g.), m. Pp: 171—172° (Found: C, 58-8; H, 6-1; N, 3-7; S, 9-2. C,,H,,O,NS requires é 58-3; 
H, 5-4; N, 3-6; S, 82%). The same reactants (0-3 g. of the acetate in 5 c.c. of pyridine with 0-5 c.c. of 
the chloride), if not cooled, gave Saf apy Pryor: cay” mpeg Pon ether, m. p. 141—143° after 
recrystallization from ethyl acetate (4 c.c.)—lhght petroleum (15 c.c.) (Found: C, 71-3; H, 6-4; N, 48. 
CygH,,0,N requires C, 71-2; H, 6-1; N, 465%). 

Attempts to convert (VIII; R = Ac, R’ = Me*SO,) into the halogeno-derivative. (a) Owen and Robins’s 
method (/., 1949, 326). The methanesulphonate with sodium iodide in acetone under various conditions 
gave no crystallisable product. 

(b) Use of dry lithium chloride in anhydrous ethanol at 100° gave amorphous chlorine-free products. 

(c) The ester (0-505 g.) in benzene (20 c.c.) with 7-1% solution of lithium aluminium hydride in dry 
ether (6 c.c.), when boiled for 14 hours (Strating and ker, Soc. Chim. Neérl., 1950, 69. 4) gave an 
uncrystallizable gum. 

Direct halogenation of the propanol (VII1; R =H, R’ = Ac). (a) To 3-acetoxy-2-benzamido-3-phenyl- 
propanol (0-95 g., 0-003 mol.), phosphorus tribromide (2-3 c.c., 0-0144 mol.) was added. Next morning 
it was triturated with light petroleum, and the residual deliquescent powder (0-76 g.) showed m. p. 90 
(decomp.). Attempts to recrystallize it failed. It contained phosphorus. Subsequent experiments 
with ethyl acetate, benzene, or pyridine as solvents furnished products containing ionic bromine. 

(b) The propanol (0-11 g., 0-00035 mol.) was added to thionyl chloride (1-1 c.c., 0-0154 mol.) and 
heated on the steam-bath for 60 minutes. The residue was treated with ether. The resultant crystals 
(0-083 g.; m. p. 131—132°) proved to be of 2-benzamido-1 : 3-dichloro-1-phenylpropane (Found : N, 4-6; 
Cl, 23-3. C,g,H,s,ONCI, requires N, 4-6; Cl, 23-1%). 

(+)-cis-4-a-Acetoxybenzyl-2-phenyloxazolinium chloride (IX). To a solution of 3-acetoxy-2-benz- 
amido-3-phenylpropanol (1-5 g., 0-0048 mol.) in ethyl acetate (12 c.c.), thionyl chloride (1-5 c.c., 0-021 mol.) 
was added and the solution set aside overnight at 25°. The precipitated colourless oxazolinium chloride 
(0-88 g.) had m. p. 124—126° (Found: C, 65-9; H, 5-9; N, 43; Cl-, 10-15; total Cl, 10-25. 
C,,H,,0,NCI requires C, 65-2; H, 5-4; N, 4-2; Cl-, 10-6%). 

The oxazoline base, m. p. 145—147°, was obtained on treatment of the chloride (0-1 g.) with water 
(1 c.c.) (Found: N, 5-2. C,,H,,O,N requires N, 5-2%). It was reconverted into the chloride (IX), 
m. p. 131°, by hydrogen chloride in dry ether. 

1-Acetoxy-2-amino-3-benzoyloxy-1-phenylpropane hydrochloride (cf. XII). The oxazolinium chloride 
(IX) (0-42 g., 0-00127 mol.), dissolved in hot commercial dioxan (5 c.c.) and then cooled, underwent ring- 
fission to this hydrochloride (0-21 g.), which recrystallized from dioxan (6 c.c.) in needles, m. p. 182—183° 
(decomp.) (Found: C, 61-4; H, 62; N, 40; Cl-, 10-1. C,,H,,O,N,HCl requires C, 61-8; H, 5-4; 
N, 40; Cl, 10-1%). The same product was obtained when a mixture of 3-acetoxy-2-benzamido-3- 
phenylpropanol (0-616 g.) in dry dioxan (10 c.c.) and a 6N-solution of hydrogen chloride in dioxan (2 c.c.) 
was kept for 12 hours at 25°. The resultant crystals (0-53 g.) did not depress the m. p. of the previous 
sample. 

When the hydrochloride (0-5 g., 0-00142 mol.) in water (10 c.c.) was treated with concentrated sodium 
carbonate solution, crystals (0-28 g.), m. p. 159—160°, were obtained after being recrystallized from 
benzene (5 c.c.)-light petroleum (12 c.c.). Mixed with the diol (VIII; R = R’ = H) they had m. p. 
140—150°, and with the monoacetate (VIII; R =H, R’ = Ac) they had m. p. 120—150°. Con- 
sequently, they are 2-acetamido-3-benzoyloxy-1-phenylpropanol (XIII) (Found : C, 68-8; H, 6-3; N, 41. 
C,,H,,O,N requires C, 69-1; H, 6-1; N, 44%). 

(+)-4-Acetoxymethyl-2 : 5-diphenyloxazolinium chloride. This salt (0-12 g.) is obtained on treatment of 
the acetoxy-compound (VIII; R = Ac, R’ = H) (1-2 g.; 0-00313 mol.) with thionyl chloride (2 c.c., 
0-0282 mol.) in dry benzene (70 c.c.) at room temperature for 3 hours, evaporation im vacuo at 40—50°, 
and recrystallization from ethyl acetate (8 c.c.)-light petroleum (5 c.c.). It has m. P- 186° (decomp.) 
(Found: C, 65°55; H, 6-1; N, 4-3. C,,H,,O,NCI requires C, 65-2; H, 5-4; N, 42%). 

Recrystallization of a sample (0-14 g.) from wet dioxan (5 c.c.) furnished (-+-)-cis-3-acetoxy-2-amino- 
yang 4 et ag oe my hydrochloride, which on basification affords the acetoxy-compound (VIII; 
R = Ac, R’ =H). As ring opening of oxazolines with water never results in a Walden inversion 
(Fry, J. Org. Chem., 1949, 14, 887), oxazoline formation could also occur in this case with retention of 
configuration. yo pee | the trans-O*-acetyl-N-benzoyl derivative (0-59 g., 0-0016 mol.) with thionyl 
chloride (2 c.c.; 0-027 mol.) underwent inversion at C,,, and gave the same cis-oxazolinium salt. 

7 te pe mea meta yl Steg hr (X). A-solution of the oxazolinium chloride (IX) (3 g., 
0-0091 mol.) in dry dioxan (20 c.c.) was refluxed for 4 minutes and then treated with warm light petroleum 
(150 c.c.). The precipitated chloride (1-8 g.) was filtered off and recrystallized from dioxan-light 
petroleum (1:10; 275 c.c.), affording colourless plates, m. p. 132° (Found: C, 65-2; H, 5-9; N, 43; 
a 10-65. C,,H,,O,NCI requires C, 65-2; H, 5-4; N, 4:2; Cl, 10-65%). It did not contain ionic 
chlorine. 

(+)-N-Benzoylnor-p-ephedrine [(+-)-cis-2-benzamido-l-t,henylpropanol) (X1)]. The chloro-derivative 
(X) (0-87 g., 0-0026 mol.) was hydrogenated in anhydrous ethanol (20 c.c.) containing palladium-— 
charcoal (0-5 g.) and barium hydroxide hydrate (2 g., 0-0063 mol.) at room temperature. One mole 
(69 c.c.) of hydrogen was absorbed in 5 hours. The solution was neutralized with 2n-sulphuric acid, 
filtered from the barium sulphate, and evaporated im vacuo. The solid residue, recrystallized from 
benzene (5 c.c.)-light petroleum (8 c.c.), had m. p. 128—128-5°, undepressed by an authentic specimen 
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are et al., J. Org. Chem., 1949, 14, 337) (Found: C, 73-1; H, 6-45. Calc. for C,,H,,O,N : C, 727; 
, 64%). 

(+)-2-Benzamido-3-phenyl-1-triphenylmethoxypropane.—The ether acetate (VIII; R = CPh,, R’ = 
Ac) (1-11 g., 0-002 mol.) in ethanol (30 c.c.) was hydrogenated over palladium-charcoal (0-3 g.) at 64°. 
One mole (45 c.c.) of hydrogen was absorbed in 50 minutes. The solution was diluted with warm 
water (10 c.c.), whereupon 2-benzamido-3-phenyl-l-triphenylmethoxypropane separated in needles 
(0-65 g.), m. p. 173—174° (Found: C, 83-85; H, 6-3; N, 43. C,,H,,O,N requires C, 843; H, 6-2; 
N, 43%). 

(+)-2-Benzamido-3-phenylpropanol.—The foregoing ether (1-14 g.) in anhydrous alcohol (120 c.c.) 
containing alcoholic 3n-hydrogen chloride (0-67 c.c.) was hydrogenated over palladium-charcoal at 
25°. After the uptake of 1 mole (51 c.c.) of hydrogen the solution was evaporated, the oily residue 
extracted with light petroleum (100 c.c.) and the insoluble part recrystalli from benzene (30 c.c.). 
The resultant alcohol (0-21 g.) had m. p. 149—150° (Found: C, 749; H, 6-95. C,,H,,O,N requires 
C, 75-3; H, 6-7%). 

(+)-2-A mino-3-phenylpropanol.—2-Benzamido-3-phenylpropanol (0-16 g.) was refluxed with 12% 
hydrochloric acid (25 c.c.) for 3 hours, then filtered and evaporated. The residue was extracted with 
ether (100 c.c.) and the insoluble hydrochloride recrystallized from anhydrous ethanol (0-5 c.c.)-ethy! 
acetate (3 c.c.). Colourless needles (0-08 g.) of the hydrochloride, m. p. 139—141°, were obtained 
(Found : C, 57-5; H, 80; N, 7-6. C,sH,,ONCI requires C, 57-6; H, 7-5; N, 7-45%). The free base, 
liberated by alkali and extracted with ether, had m. p. 87—-88°, after recrystallization from benzene— 
light petroleum. Karrer (loc. cit.) recorded for his racemic compound m. p. 67—68°. 
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I. Szabé, and I. Gyérgy for the technical assistance. 


INSTITUTE OF ORGANIC CHEMISTRY, 
THe UNIVERSITY, SZEGED, HUNGARY. (Received, March 14th, 1951.) 





409. The Analysis of Inorganic Compounds by Paper Chromatography. 
Part IV.* An Extended Scheme for the Qualitative Analysis of an 
Unknown Mizxture of Cations. 


By F. H. Potrarp, J. F. W. McOmie, and H. M. STEvENs. 


The scheme of analysis described in Part III of this series is extended to 
include Ce, Li, Mo, Tl, Ti, U, V, and W. 


SiNcE it is sometimes desirable to analyse for other metals besides the 24 normally included in 
schemes for qualitative analysis, the procedure described in Part III of this series * has been 
extended to include Ce, Li, Mo, Tl, Ti, U, V, and W. The chromatograms are prepared with the 
butanol—benzoylacetone solvent mixture as the mobile phase. If the metals are only present 
in traces in the original mixture, then it will be necessary to employ some form of concentration 
technique, ¢.g., on an ion-exchange column, the important point being that the amount of any 
particular metal present on the chromatogram must be such that it lies within the sensitivity of 
the characterising test. 
The identification is carried out on individual chromatograms according to the following 

groups : 

Group A. (i) Ag, Pb, Hg, Tl; (ii) As, Sb. 

Group B. (i) Cr, Ce, Mn, Co, Cu, Ni; (ii) Bi, Fe, (Co), Ti, U, (V). 

Group C. (i) Sn, Sr, Ba; (ii) Cd, Zn, Al, Mg, Ca. 

Group D. Li, Na, K. 

Group E. Mo, W, V. 


The Ry, values for the additional metals with the butanol—benzoylacetone mobile phase are 
Ce, 0°01; Li, 0°15; Mo, 0°25; Tl, 0°08; Ti, 0°06; U, 0°25 and 0°94; V, 0°18; W, 0°00, when 
these elements are run singly, but if they are present in a mixture of cations, the R, values may 
be modified by interference. 

EXPERIMENTAL. 


Dissolution of the Powder.—Three solutions are by boiling portions with (a) 2 ml. of 2n-nitric 
acid, (b) 2 ml. of 2n-hydrochloric acid, and (c) a small excess of approximately 10% sodium hydroxide 
solution. Solution (a) is used for Group A, (6) for Groups B, C, and D, and (c) for Group E. 


* Part III, J., 1951, 771. 
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Preparation of the Chromatograms.—Two copies of Sheet I and one copy of II are prepared as described 
in Part III. Sheet III is prepared with about 8 spots from solution (c). Half of the spots are treated 
with sulphur dioxide from a siphon, lightly sprayed with 2n-hydrochloric acid, and dried. This 
treatment ensures that excess of alkali is neutralised and cations such as arsenic, antimony, alumin- 
ium, zinc, and vanadium will separate on the chromatogram from tungsten, which will remain on 
the starting line. The other half of the spots provide suitable chromatograms for the lication of 
the test for molybdenum. The colours of spots after the chromatogram has been run and dried often 
indicate the cations present in the original powder; thus, reddish-brown, iron and/or titanium ; 
yellowish brown, uranium or vanadium; blue, tungsten; green, molybdenum. After spraying the 
chromatogram with hydrochloric acid and warming : yellow, copper; bright blue, cobalt. 

Analytical Reagents.—In addition to those described in Part III, the following are required. 
— hydrogen peroxide: equal vols. of 20-vol. hydrogen peroxide and ammonia (d 0-880) ; 

a re . Potassium ferrocyanide: 5% aqueous solution. iu: hate : equal vols. of 
owed jum hydrogen phosphate solution and concentrated nitric acid. Stannous ride: 1 g. dissolved 
in 5 c.c. of warm concentrated hydrochloric acid, to give a clear solution, diluted to 30 c.c. with distilled 
water; freshly prepared. Tannic acid: 0-5 g. ‘of tannic acid and 1 g. of sodium acetate dissolved in 
10 c.c. of warm 80%, industrial methylated spirit; freshly prepared. 

Analysis of the Chromatograms.—Each strip of chromatogram is analysed separately by a series of 
consecutive sprayings or treatments as detailed below, and with the precautions given in Part III. 

Group A, Ag, Pb, Hg, Tl.—(1) A chromatogram from solution (a), sheet I, is sprayed with potassium 
chromate, and then held over aqueous ammonia (d 0-880). Silver, lead, and mercury are identified as 
described in Part III, and an orange spot, almost coincident with lead and, like lead, not fadi 
treatment with sulphur dioxide, suggests thallium Tl. (Bismuth or cerium will sometimes give a ye 
spot on the starting line, but this is confirmed in Group B.) 

To identify thallium, a second strip from solution (a), sheet I, is sprayed with alkaline hy 
peroxide and gently warmed. An orange spot (probably Pb,O,) ‘suggests lead; black spot (m 
silver), silver; dark brown spot, hydrated peroxide of thallium. The last two can be distinguished = 
one another by treatment with su ow dioxide, silver being unaffected while thallium becomes colourless 
presumably owing to formation of T1,SO,. (Note: Manganese, cobalt, and nickel behave like thallium 
with respect to alkaline hydrogen peroxide, but these give no distinctive colours with potassium chromate, 
and brown spots when exposed to ammonia. They are identified in Group B.) 

A further confirmation of thallium is obtained by spraying another chromatogram from solution (a), 
sheet I, with rhodizonic acid and then 2n-hydrochloric acid. A purple spot which disap with 
hydrochloric acid indicates thallium, while a bright violet spot which persists after the test shows lead. 

Occasionally, it has been found that thallium and mercury move together on the chromatogram to 
an Ry 0-4. This would probably be suspected from the tests with potassium chromate, but to confirm 
it the following procedure is recommended. The fading of the brown thallium spot with sulphur dioxide 


on the alkaline hydrogen peroxide-sprayed chromatogram is followed by lightly spraying with ammonium 
sulphide, and then ammoniacal hydrogen peroxide. The paper is warmed and sulphur dioxide is directed 
on to the area concerned. Mercury is left as a dark stain, HgS (or HgS and Hg). 

Group B.—Sub-group, Cr, Ce, Mn, Co, Cu, Ni. A chromatogram from solution (6), sheet I, is sprayed 
with sodium hypobromite and warmed. Dark brown te suggest manganese, cobalt, or nickel, which — 


be identified as described in Part III, and thallium, y identified if present. A reddish-brown 
suggests iron or titanium, and a blue one copper; these are confirmed at a later stage, as in Part tT. 
Yellow spots at Ry 0-05 indicate chromium, while those of Ry 0 or 0-1 suggest cerium or bismuth. On 
being sprayed with acidic hydrogen peroxide the chromium spot will turn blue, while those for cerium or 
bismuth remain unaltered. 

To detect cerium, another chromatogram from solution (5) sheet I is s —. — errs hydro- 
gen peroxide and warmed. Yellow-orange colours are given by Ce, Bi, Ti, Co, and Cu. It is 
possible to distinguish cerium from the others by the facts that its spot “be oa diss pear at at 70° while 
the others do, and it is not discoloured by ammonium sulphide, while the others are 


Sub-group, Bi, Fe, Co, Ti, U, (V).. Another chromatogram from solution (b), sheet I, nents with 
potassium thiocyanate-acetone solution and warmed. A bright yellow spot indicates bismuth 
(cf. previous observations) or uranium; red, iron or a bright blue, cobalt. The subsequent 
additional tests for nickel, etc., are performed as in Part I 

A new chromatogram from solution (b) is sprayed “een with 2n-hydrochloric acid, dried, and then 
sprayed with potassium ferrocyanide. The yellow spot due to uranium on the previous strip will turn 
dark-brown, while that due to bismuth is unaffected. A brown spot occurring at about Ry 0-25 also 
indicates uranium. (Note: The presence of copper, which gives a red-brown spot at this stage, will have 
already been established by the rubeanic acid test. Copper gives a black spot with potassium 
thiocyanate—acetone reagent, presumably owing to the formation of cupric + teacaaionane anadium 
will form a yellow spot with potassium ferrocyanide, but is confirmed in Group E 


The red spots due to iron and titanium will both form bright greensh-biu complexes after the 
potassium ferrocyanide treatment. These can be distinguished by spraying a fresh, untreated, 
chromatogram with the tannic acid reagent, and gently warming. A reddish- i coloration indicates 
iron, and a bright orange, titanium. The appearance of a dark blue spot at k 0-2 indicates vanadium, 
but this may be masked by other metals, and confirmation of this is therefore carried out later in Group E. 
(Note: The tannic acid test will not work satisfactorily if the paper is too acid, and this is the reason for 
the addition of sodium acetate; see above.) 


Group C.—The tests described in Part III are carried out. A pu spot may arise with the 
rhodizonic acid reagent, due to thallium. This fades when treated with hee uke mixed hydrochloric—acetic 
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acid spray, and can be distinguished from strontium by the i observations in Group A. 
Uranium and cerium also give red colours, and may be confused with strontium, except that the uranium 
spot fades without acid treatment, and the cerium, which behaves very similarly to strontium, has been 
previously identified. If the concentration of strontium is comparatively low, there may be some 
difficulty in establishing its presence. 

Group D.—Since lithium will give a similar fluorescence to that of strontium, barium, and 7 my 
in the tests for Group C, it is often advisable to carry out the Group D tests before those of Group C. 
These tests are iormed asin Part III. Lithium gives a fluorescent spot similar to that of sodium with 
the zinc uranyl acetate reagent, but the Ry values are different, lithium appearing at Ry 0-15, whereas 
sodium appears at approximately 0-05. Interference by other cations may occasionally upset the 
Ry values, and so a test would probably afford useful additional evidence as to the presence or 
absence of sodium and lithium. 

Group E, Mo, W, V.—Molybdenum. A chromatogram from the solution (c), on the portion of 
sheet III which was not subjected to the sulphur dioxide treatment, is sprayed with the sodium phosphate 
reagent. On warming to about 40—50° a yellow spot on or near the mae line indicates molybdenum. 
This is then sprayed with stannous chloride, whereupon the conversion of the spot into a bright blue 
confirms ed gen of molybdenum. (Note: Sometimes tungsten spots appear light blue before this 
test is applied, but the production of the molybdenum-blue is very characteristic.) 

Tungsten and vanadium. A chromatogram from one of the solution (c) spots, sheet III, which 
received the preliminary sulphur dioxide treatment, is first sprayed with 2N-hydrochloric acid and then 
dried. It is then sprayed with the kojic acid—oxine reagent and examined over ammonia under the ultra- 
violet lamp. A very deep yellow fluorescence at about Ry 0-0 or 0-01 indicates tungsten; zinc and 
aluminium can be identified here, if necessary, by their characteristic fluorescences. 


A similar chromatogram, after the 2n-hydrochloric acid treatment as described above, is sprayed 
with the tannic acid reagent. A bright navy-blue spot, usually appearing on warming, at Ry 0-2 confirms 
the presence of vanadium. 
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410. The Mechanism of the Iodate—Iodide Reaction. 
By K. J. Morcan, M. G. Pearp, and C. F. Curtis. 


The mechanism of the reaction, IO,- + 5I- + 6H* = 31, + 3H,0, is 
considered. A reaction scheme is devised, involving the basic dissociation 
of iodic acid, which yields a kinetic rate expression in agreement with that 
found experimentally. 


THE interaction of iodates and iodides in acid solution is one of the best known and most widely 
used iodometric reactions. The first comprehensive kinetic study was carried out by Dushman 
(J. Physical Chem., 1904, 8, 453) who found that the reaction was of the fifth order. The work 
was extended by Abel (Abel and Stadler, Z. physikal. Chem., 1926, 122, A, 49; Abel and 
Hilferding, ibid., 1928, 136, A, 186; Abel, ibid., 1931, 154, A, 167), who showed that, although 
at high iodide concentrations (>10~‘m.) the kinetic equation is of the form found by Dushman : 
—d{10,~]/dt = &(10,~)(1-P[H*} 
at low iodide concentrations (<10-*m.) it becomes : 
—d{10,~]/dé = &’(10,~)[1-)[H*? 
Abel suggests that under the latter conditions the initial reaction is : 
10,- + I- + 2H* —> HOI + HIO, 
followed by a series of relatively rapid stages; while under the former conditions the rate- 
determining step is believed to be : 
10,- + 2I1- + 2H* —> 2HOI + IO- 
According to Bray and Liebhafsky (J. Amer. Chem. Soc., 1930, 52, 3580) the initial reaction is in 
all circumstances the formation of the compound H,I,O, (or of its anhydride I1,0,), which may 


either decompose or react with further iodide, the former process predominating at low iodide 
concentrations : 


Rapid equilibrium 10,- + I- + 2H* — H,I,0, — 1,0, + H,O 


slow 
followed by either H,1,0, —> HOI + HIO, 


slow 
or 1,0, + I- —> 1,0,- 
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It is becoming apparent that complex reactions can be regarded as the resultants of series 
of stages, each of which involves a change of a comparatively simple nature (compare 
Hinshelwood, J., 1947, 694). In this paper an attempt is made to interpret the kinetic data for 
the iodate-iodide reaction in terms only of steps with a low entropy of activation. The 
reactions occurring are confined to those in which (i) a single chemical bond is formed or 
destroyed, the process being accompanied by a redistribution of charge throughout the 
molecules or ions concerned and (ii) an atom or a charge is transferred from one molecule or ion 
to another. 

The only likely initiating processes in the present case would thus appear to be interactions 
between: (a) 1O,~ and I-, (6) HIO, and I-, and (c) H* and IO,-. Apart from the fact that (a), 
which involves ions of like charge, is less probable than () or (c), a neutral solution containing 
iodate and iodide would, if interaction occurred, he expected to exhibit isotopic exchange. 
There is evidence, however, that such exchange does not occur (Polessitsky, Compt. 
vend. U.R.S.S., 1939, 24, 540; Daudel, Compt. rend., 1944, 219, 129), and this fact renders (a) 
improbable. With regard to (b), the dissociation constant of iodic acid is not large (K, = 
0°1686; Fuoss and Kraus, J. Amer. Chem. Soc., 1933, 55, 476), so that in solutions of moderate 
acidity an appreciable concentration of HIO, should exist. Nevertheless, it has not been 
found possible, on the basis of an initial interaction of iodic acid with iodide, to construct a 
mechanism which will satisfy the observed kinetics. 

Finally, therefore, case (c), involving interaction of H* and I10,~, must be considered as a 
possible initiating process. The basic dissociation of iodic acid : 


H* + 10,- =» HIO, = I0,* + OH- 


has recently been postulated to account for the observed kinetics of two reactions of this 
compound, its exchange with iodine (Myers and Kennedy, J. Amer. Chem. Soc., 1950, 72, 897), 
and its interaction with hydrogen peroxide (Peard and Cullis, Trans. Favaday Soc., 1951, 47, 
616). It is here suggested that the ion IO,*, formed as above, can react with I~ to give a 
complex: I10,****** I~ (A) which can either decompose : 


fo eeeee 7 —_> 1Io* + 10- 
I* 
Bian, 
(A) 
or react with further iodide : 


— I* + 210° 


The latter fate of (A) is favoured under conditions of high iodide concentration. On the basis 
of the foregoing, the following reaction scheme may be developed, path (1) involving the reaction 
of (A) with further iodide followed by rapid decomposition of (B), and path (2) involving the 
decomposition of (A) : 


H* + 10,- = 10,* + OH- 
(1) (2) 
10, + 2I-—*> I + 210- 10,* + 1-—*> 10* + 10- 
2(I0- + Ht —*> I* + OH-) Oot 41-1 + 10- 
ait + 1--—*>1) 2(10- + H* —*> I* + OH-) 
3(OH- + H* —t> H,0) It +1-—*>1,) 
3(OH- + H* —*> H,0) 





he 
(It should be pointed out that the representation of a reaction as, e.g., IO* + I- —> I* + IO- 
does not imply that it is necessarily irreversible, but that, under conditions where a steady 
state is set up, the reversible nature of the reaction is not involved.) 
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Reaction by either path results in the observed stoicheiometric change. 
the steady-state method to (1), it is found that : 


—A[10,-}/at = 34(1,)/at = 8 Ay{1*)(0-) 
= § &,(10,*)0-} 
= oop 


ince (10,*) = K[H*}(10,-]/[(OH-] = K[H*(10,-}/K, 
Similarly for (2), 


—A{1O,-}/at = 34,{10,*}1-) = 35° (10,-)1-)0H" 


Thus the total rate of reaction is given by an expression of the form : 
—d{10,~}/dt = A(10,~)[I- P(H*? + &’(10,-)1-) (A 

which is identical with that found experimentally. At high iodide concentrations, the mean 
life of the complex, IO,* - -: ~~ I~, is sufficient to enable it to react with further iodide, so that 
the first term in the rate expression predominates, and the order with respect to [I~] is 
approximately two. As the iodide concentration is reduced, the possibility of decomposition of 
the complex increases, so that the second term in the rate expression becomes appreciable, and 
in solutions of very low iodide concentration the order with respect to [I~] tends to a limiting 
value of one, as Abel and Hilferding (loc. cit.) found. 

In view of the lack of direct evidence for the basic dissociation of iodic acid, the purely 
kinetic agreement cannot be regarded as conclusive support for the mechanism outlined. It is 
significant, however, that the assumption of the initial formation of the species IO,*, followed 
by a series of reactions of the simplest nature only, can account for the kinetic features of three 
different reactions of iodic acid, namely, its interactions with iodides, iodine, and hydrogen 
peroxide. 
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and Uridine-5' Phosphate containing Phenylphosphonate and Ethyl- 
phosphonate Growps. 
By Nity ANAND and A. R. Topp. 


Synthesis of the following phosphonate analogues of muscle adenylic acid 
and uridine-5’ phosphate is described: adenosine-5’ phenylphosphonate, 
adenosine-5’ ethylphosphonate, uridine-5’ phenylphosphonate, uridine-5’ 
ethylphosphonate. All of these compounds were prepared by the action 
of the appropriate benzyl aryl(or alkyl)chlorophosphinate (VI) on the 
2’ : 3’-isopropylidene derivative of adenosine or uridine, followed by removal 
of the isopropylidene and benzyl groups. Uridine-5’ ethylphosphonate was 
also prepared by phosphonylation using ethylphosphony] dichloride. 

Adenosine-5’ phenylphosphonate and adenosine-5’ ethylphosphonate 
appeared to exert no inhibitory action on several of the enzyme systems 
involving muscle adenylic acid derivatives. 


DERIVATIVES of muscle adenylic acid (adenosine-5’ phosphate) (I; R =,OH) perform a number 
of vitally important functions in biological systems. Adenosine-5’ diphosphate (ADP) and 
adenosine-5’ triphosphate (ATP) are coenzymes of phosphate transfer, and more complex 
esters containing an adenylic acid residue as an integral part of their molecule are found in the 
nucleotide coenzymes cozymase (DPN), coenzyme II (TPN), flavin-adenine-dinucleotide (FAD), 
and apparently also in Lipmann’s coenzyme A (Lipmann, Kaplan, Novelli, Tuttle, and Guirard, 
P * Part VI, J., 1950, 3299. 
E 
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J. Biol. Chem., 1950, 186, 235). The coenzyme (UDPG) of the system which brings about 
conversion of galactose-6 phosphate into glucose-6 phosphate (galactowaldenase) has recently 
been shown by Caputto, Leloir, Cardini, and Paladini (J. Biol. Chem., 1950, 184, 133) to be a 
derivative of uridine-5’ phosphate (II; R = OH); on the evidence presented by these workers, 
the coenzyme is almost certainly the mixed anhydride (pyrophosphate) of uridine-5’ phosphate 
and glucose-1 phosphate. Whether phosphates of any other natural nucleosides are components 
of further coenzymes is as yet unknown. 

In view of these facts, it seemed possible that replacement of phosphate residues in nucleoside 
phosphates and polyphosphates by alkyl- or aryl-phosphonate residues would yield compounds 
which might act as biological antagonists to the natural analogues or might produce unusual 
or toxic effects in living organisms through the introduction of alkyl- or aryl-phosphonate 
residues in place of phosphate groups in the normal processes involving phosphate transfer. 
This possibility acquires added interest through the recent intensification of studies on phosphates, 
phosphonates, and pyrophosphates as inhibitors of cholinesterase and their use as insecticidal 
agents. It is natural to enquire whether the toxic action of some of these compounds is bound 
up with the substitution through their agency of phosphonate or esterified phosphate residues 
for the normal phosphates in vital processes. The present paper describes some initial studies 
along these lines in which we have undertaken the synthesis of some analogues of the simple 
mononucleotides, adenosine-5’ phosphate and uridine-5’ phosphate, in which the phosphate 
group is replaced by an alkyl- or aryl-phosphonate residue. 

In previous papers of this series, the phosphorylating agent of choice for the preparation 
of nucleotides has usually been dibenzyl chlorophosphonate (Atherton, Openshaw, and Todd, 
J., 1945, 382), not only because it is mild in action and the protecting benzyl groups are readily 
removed from the initial reaction products, but also because selective removal of one benzyl 
group can be achieved in a variety of ways (cf. Atherton, Openshaw, and Todd, Joc. cit. ; 
Baddiley and Todd, J., 1947, 648; Baddiley, Clark, Michalski, and Todd, J., 1949, 815; Clark 
and Todd, j., 1950, 2023, 2030), yielding substances of the type RO*P(O)(O*CH,Ph)-OH which 
are suitable starting materials for polyphosphate synthesis. For the purpose of alkyl- or 
aryl-phosphonylation, the analogous reagent would be a benzyl alkyl(or aryl)chlorophosphinate * 
(V1); compounds of this type have now been prepared and used successfully. Benzyl phenyl- 
phosphinate (III; R = Ph) was obtained as a colourless liquid by treatment of phenyldichloro- 
phosphine (Ph*PCl,) with a mixture of benzyl alcohol (1 mol.) and dimethylaniline (1 mol.), 
followed by addition of a further amount (1 mol.) of benzyl alcohol (cf. preparation of dibenzyl 
phosphite by Atherton, Openshaw, and Todd, Joc. cit.). By allowing phenyldichlorophosphine 
to react with a solution of benzyl alcohol (3 mols.) in pyridine (3 mols.), dibenzyl phenyl- 


-——( 


at O —— Oo 
(H(CH(OH)}CH-CH,O-PZ ¢H-(CH(OH)]CH-CH,O-PZ 
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phosphonite (IV; R = Ph) was obtained in good yield; this ester readily yielded benzyl 
phenylphosphinate (III; R = Ph) on treatment with lithium chloride (cf. Clark and Todd, 
J., 1960, 2030), but the direct preparation of (III; R = Ph) from phenyldichlorophosphine 
was more convenient in practice as the product could be readily purified by distillation. Benzyl 


* As a result of discussions between nomenclature committees of the American Chemical Society 
and our Society, it has been decided that, in our Society’s publications (as already in Chemical Abstracts), 
the nomenclature of organic acids of phosphorus shall be such that the terminations “ ic” and “ ous ” 
denote quinque- and ter-valent phosphorus respectively, the syllable “on” denoting the larger and 
“in” the smaller number of hydroxyl groups. (Similar rules apply to arsenic and — com- 
pounds.) Thus Et-PO(OH), is ethylphosphonic acid, Et-PHO-OH is ethylphosphinic acid, Et-P(OH), 
is Bay penny acid, and Et-PH-OH is ethylphosphinous acid. 

In this paper, compounds of type (V) and (VI) are considered, in conformity with current British 

ractice, to be derived by replacement of or (not hydroxyl) by NHR’ or Cl, i.e., to be derived 
om R:PH(O)-O-CH,Ph, so that, e.g., Et-PCl(O)*OH is derived from Et-PH(O)-OH and is named 
ethylchlorophosphinic acid; other examples are in the text. Eb. 
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phenylphosphinate reacted readily with carbon tetrachloride in the presence of cyclohexy]l- 
amine, yielding benzyl cyclohexylaminophenylphosphinate (V; R= Ph, R’ = cyclohexyl), 
a reaction strictly analogous to that undergone by dibenzyl phosphite (dibenzyl phosphonate) 
under similar conditions (Atherton, Openshaw, and Todd, J., 1945, 660). Benzyl phenyl- 
chlorophosphinate (VI; R = Ph) was prepared in solution by the action of a solution of chlorine 
in carbon tetrachloride on benzyl phenylphosphinate at low temperature. The chlorophos- 
phinate, like dibenzyl chlorophosphonate, could not be distilled without decomposition; it 
was used in freshly prepared solution without isolation, its purity being assayed by treating 
a portion of the solution with cyclohexylamine and isolating the crystalline benzyl cyclohexy]- 
aminophenylphosphinate (V; R = Ph, R’ = cyclohexyl). 

Benzyl phenylchlorophosphinate (VI; R= Ph) reacted with 2’: 3’-isopropylidene 
adenosine in pyridine solution to give 2’ : 3’-isopropylidene adenosine-5’ benzyl phenylphos- 
phonate, converted by catalytic hydrogenation into 2’ : 3’-isopropylidene adenosine-5’ phenyl- 
phosphonate. From the latter, adenosine-5’ phenylphosphonate (I; R = Ph) was obtained 
by mild acid hydrolysis. When a similar procedure was applied to 2’ : 3’-isopropylidene 
uridine the initial reaction product did not crystallise; it was not isolated in a pure state but 
was converted directly into uridine-5’ phenylphosphonate (II; R = Ph), an amorphous powder 
yielding an amorphous barium salt. For the synthesis of the corresponding ethylphosphonates 
of adenosine and uridine, similar methods were employed. Ethyl dichlorophosphine (Et*PCl,), 
readily available from tetraethyl-lead and phosphorus trichloride by the method of Kharasch, 
Jensen, and Weinhouse (J. Org. Chem., 1949, 14, 429), was converted into benzyl ethylphosphinate 
(IIl; R = Et) by reaction with benzyl alcohol (2 mols.) and a tertiary base (1 mol.) in the 
usual way; chlorination of this ester in carbon tetrachloride furnished a solution of benzyl 
ethylchlorophosphinate (VI; R = Et) which was used directly. Treated with benzyl ethyl- 
chlorophosphinate, 2’ : 3’-isopropylidene adenosine yielded 2’ : 3’-isopropylidene adenosine-5’ 
benzyl ethylphosphonate; removal of the benzyl group by hydrogenation, followed by 
hydrolysis of the isopropylidene moiety, gave adenosine-5’ ethylphosphonate (I; R = Et) as 
an amorphous white powder yielding an amorphous barium salt. In similar manner, uridine-5’ 
ethylphosphonate (II; R = Et) was prepared from 2’: 3’-isopropylidene uridine. In this 
case, as in that of the corresponding uridine-5’ phenylphosphonate preparation, the isopropyl- 
idene group was apparently eliminated either during hydrogenolysis of the benzyl ester or 
during the working up of the debenzylated product. That the isopropylidene residue had in 
fact been lost was in each case demonstrated by the paper chromatographic method for detection 
of nucleosides and nucleotides containing free hydroxyls at C,.. and C,,, in the ribofuranose 
residue (Buchanan, Dekker, and Long, J., 1950, 3162). 

2’ : 3’-isoPropylidene uridine-5’ ethylphosphonate was prepared by treating 2’ : 3’-iso- 
propylidene uridine with ethylphosphony! dichloride (Et-POCI,) in pyridine solution; on mild 
hydrolysis it yielded uridine-5’ ethylphosphonate (II; R = Et), identical with the product 
obtained by using benzyl ethylchlorophosphinate as phosphonylating agent. 2’ : 3’-iso- 
Propylidene adenosine reacted readily enough with ethylphosphony] dichloride but the product 
was a mixture, evidently containing N-phosphonylated material, since analysis indicated a 
high phosphorus content. No homogeneous product could be isolated from the reaction; it 
may be recalled that Levene and Tipson (J. Biol. Chem., 1937, 121, 131) had a similar experience 
in attempting to phosphorylate 2’ : 3’-isopropylidene adenosine with phosphoryl chloride. 

Although it was not expected that these simple nucleotide analogues would display any 
marked action through direct transfer of their phosphonate residues in biological systems, it 
was thought that the adenosine derivative might inhibit some of the enzyme systems involving 
muscle adenylic acid or its derivatives. No evidence of any inhibition was obtained, however, 
when adenosine-5’ phenylphosphonate or ethylphosphonate was introduced into the following 
enzyme systems: phosphofructokinase, 5-nucleotidase, and adenylic acid deaminase. 

We should like to express our gratitude to Dr. T. Mann of the Molteno Institute, Cambridge, 
for his kindness in carrying out these enzymic experiments and for allowing us to record his 
results. 

EXPERIMENTAL. 

Dibenzyl Phenylphosphonite (1V; R = Ph).—Freshly distilled phenyldichlorophosphine (9 g., 
1 mol.) in ether (25 c.c.) was added slowly during 30 minutes to a stirred, ice-cold mixture of pyridine 
(12 g., 3 mols.) and benzyl alcohol (16 g., 3 mols.). The solution was stirred at 0° for a further 2 hours, 
then left overnight at room temperature. Pyridine hydrochloride was filtered off and the filtrate 
evaporated in a nitrogen atmosphere under reduced pressure at 50°. The colourless residue (12 g.) 
was distilled in a molecular still; dibenzyl phenylphosphonite distilled as a colourless liquid at 65—70°/0-1 
mm. (Found: C, 73-9; H, 6-1. C,.H,,O,P requires C, 74-5; H, 5-9%). 
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Benzyl Phenylphosphinate (II1; R = Ph).—(a) A solution of benzyl alcohol (4-2 g., 1 mol.) in 
freshly distilled dimethylaniline (4-7 g., 1 mol.) was added gradually, with stirring, during 14 hours to 
an ice-cold solution of phenyldichlorophosphine (7 g., 1 mol.) in benzene (25 c.c.). When all had been 
added a further quantity (4-2 g., 1 mol.) of benzyl alcohol was run in gradually during 30 minutes and 
stirring was continued for a further 4 hours before the mixture was allowed to come to room temperature 
and stand overnight. The mixture was diluted with benzene (ca. 25 c.c.), washed first with dilute 
hydrochloric acid, then with aqueous sodium carbonate, and finally with water, dried (Na,SO,), and 
freed from all solvents by evaporation for 4—5 hours at 50°/ca. 0-1 mm. in a nitrogen atmosphere. The 
residue (10-2 g.) was disti in a “ molecular”’ still. Benzyl Se a colourless liquid, 
distilled at 90—95°/0-05 mm. (Found: C, 66-9; H, 6-0. C,,H,,0,P requires C, 67-3; H, 5-6%). 

(b) Dibenzyl phenylphosphonite (IV; R = Ph) (3-2 g.; prepared as described above) was dissolved 
in 2-ethoxyethanol (30 c.c.), lithium chloride (1-27 g.) added, and the mixture heated on the steam- 
bath for 3 hours. Solvent was removed under reduced pressure in a nitrogen atmosphere, and the 
residue dissolved in water. The solution was acidified, then extracted with chloroform, and the extract 
was dried and evaporated. The colourless oil so obtained was identified as benzyl phenylphosphinate 
by reaction with cyclohexylamine in carbon tetrachloride, whereby benzyl cyclohexylaminophenyl- 
phosphinate (m. p. and mixed m. p. 119—120°) was produced. 

Benzyl cycloHexylaminophenylphosphinate (V; R = Ph, R’ = cyclohexyl).—Crude (i.e., undistilled) 
benzyl a (1-1 g.) was dissolved in carbon tetrachloride (4 c.c.), and cyclohexylamine 
(2-5 c.c.) added. There was immediate reaction with separation of cyclohexylamine hydrochloride. 
After 2 hours the mixture was filtered, the filtrate evaporated, and the residue recrystallised from 
benzene-light petroleum (b. p. 40—60°); benzyl cyclohexylaminophenylphosphinate (1-6 g., 95%) 
formed colourless needles, m. p. 119—120° (Found: C, 69-4; H, 7-6; N, 40. C,,H,,O,NP requires 
C, 69-3; H, 7-3; N, 42%). 

Benzyl Phenylchlorophosphinate (VI; R = Ph).—A half-saturated solution of chlorine in carbon 
tetrachloride (ca. 8 c.c.) was added gradually to benzyl phenylphosphinate (1 g.), dissolved in carbon 
tetrachloride (5 c.c.), with exclusion of moisture. Excess of chlorine and hydrogen chloride was removed 
by passing a rapid stream of nitrogen through the solution for 1 hour and the carbon tetrachloride was 
then evaporated under reduced pressure at room temperature. Benzyl phenylchlorophosphinate 
remained as a colourless oil which decomposed when kept or on attempted distillation; it was evidently 
very nearly pure, for on dissolution in benzene and addition of cyclohexylamine it gave benzyl cyclohexyl- 
aminophenylphosphinate (m. p. and mixed m. p. 119°) in almost quantitative yield. 

2’: 3’-isoPropylidene Adenosine-5’ Benzyl ters py ener neg : 3’-isoPropylidene adenosine 
(i g.; dried at 110°/0-1 mm. for 12 hours) was dissolved in pyridine (15 c.c.) by gentle warming. The 
solution was cooled rapidly to —40° and benzyl phenylchlorophosphinate (from 2 g. of benzyl phenyl- 
phosphinate) added. The mixture was kept just above its m. p. for 3 hours, then set aside overnight. 
Sodium carbonate (2 g.) and water (5 c.c.) were added, the mixture was evaporated to dryness under 
reduced pressure, and the residue extracted with chloroform. The chloroform extract was washed 
with aqueous sodium hydrogen-carbonate, dilute sulphuric acid, and water, dried and evaporated. 
The yellowish gum (1-9 g.) so obtained was dissolved in a minimum of hot ethanol, and the solution 
set aside to cool; 2’: 3’-isopropylidene adenosine-5’ benzyl phenylphosphonate separated as colourless 
rods (1-1 g.), m. p. 188—189° (Found, in material dried at 100°/0-1 mm.: C, 57-9; H, 5-1; N, 12-9. 
CygHygO,N,P requires C, 58-1; H, 5-3; N, 13-0%). 

2’ : 3’-isoPropylidene Adenosine-5’ Phenylphosphonate.—The above benzyl ester (0-5 g.) was dissolved 
in aqueous ethanol (50 c.c. of 80%) and hydrogenated at atmospheric pressure, the ae being a 
mixture of palladous oxide and palladised charcoal. The theoretical amount of hydrogen for removal 
of the benzyl residue was taken up in 1} hours after which absorption ceased. The filtered solution 
was evaporated under reduced pressure, leaving 2’ : 3’-isopropyli adenosine-5' phenylphosphonate 
as a resin which could not be crystallised; it was purified by dissolution in ethanol and reprecipitation 
by ether, then forming a white amorphous D5 (Found, in material dried at room temperature/0-1 
mm.: C, 50-5; H,4-9; N, 15-2. C,,H,,0,N,P requires C, 51-0; H, 4-9; N, 15-6%). The phosphonate, 
treated with cyclohexylamine in ethanol, gave an amorphous cyclohexylamine salt, purified by re- 

recipitation from ethanol solution with ether (Found, in material dried at room temperature/0-1 mm. 
>, 53-6; H, 6-1; N, 14-8. C,,H,,0O,N,P requires C, 55-0; H, 6-4; N, 15-4. C,,H,,O,N,P,H,O requires 
C, 53-2; H, 6-6; N, 149%). 

Adenosine-5’ Phenylphosphonate (I; R = Ph).—The above ~~ oy mg derivative (0-2 g.) was 
dissolved in dilute sulphuric acid (50 c.c. of 0-1N.) and set aside for 2 days. The sulphuric acid was 
then exactly neutralised with barium hydroxide, barium sulphate centrifuged off, and the solution 
evaporated to dryness. The residue of adenosine-5’ phenylphosphonate separated from warm ethanol 
as a white powder of doubtful crystallinity. In this form the phosphonate appears to be hydrated 
and when heated softens at 80° and melts at 95° (Found, in material dried at 50°/0-1 mm. for 24 hours 
C, 45-6; H, 5-0; N, 164. C,,H,,O,N,P,H,O requires C, 45-2; H, 4-7; N, 16-4%). The phosphonate 
had [a]}? = —40° + 2° (c, 0-15 in water) and was chromatographically homogeneous on paper, showing 
Ry = 0-31 in the system ethy! acetate~pyridine—water (10:45:10). The brucine salt prepared in the 
usual manner with brucine in ethanol could not be crystallised. 

Uridine-5’ Phenylphosphonate (11; R = Ph).—Benzyl see emer 7 (from 2-5 g. of 
benzyl phenylphosphinate) was added to a solution of 2’ : 3’-isopropylidene uridine (1-2 g., dried at 
110°/0-1 mm. for 2 hours; Levene and Tipson, J. Biol. Chem., 1934, 106, 113) in dry pyridine (10 c.c.) 
at —40° and the mixture kept just above its m. p. for 2 hours, then allowed to warm to room tem- 
perature and set aside overnight. Water (5 c.c.) and sodium carbonate (2 g.) were added, and the 
mixture was evaporated under reduced pressure below 35°. The residue was extracted with chloroform, 
and the extract washed with sodium hydrogen carbonate, dilute sulphuric acid and water, dried, and 
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evaporated. The residual gum (2 g.)—presumably mainly 2’: Wray -o : lidene uridine-5’ benzyl 
phenylphosphonate—could not be crystallised. It was accordingly dissolved in aqueous ethanol 
(15 c.c. of 80%) and hydrogenated at room temperature and atmospheric pressure, a mixture of palladous 
oxide and palladised charcoal catalysts being used. Hydrogenation ceased after ca. 1 hour, when an 
amount of hy en a the removal of one benzyl group had been absorbed. Evaporation 
of the filtered solution gave a colourless glass which was very soluble in water and ethanol and had 
evidently lost the pr ie pcre group since it gave a — reaction with periodate. 

by dissolution in ethanol and reprecipitation with ether; the glassy uridine-5’ phenyl; 

obtained gradually fell to a white powder when kept in a desiccator (Found, in ma 

temperature/0-1 mm. for 24 hours: C, 47-1; H, 45; N, 6-8. C,,H,,O,N,P requires C, 46-9; H, 4-4; 
N, 7-2%). 

The barium salt of the phosphonate formed a white amorphous powder when precipitated from its 
aqueous solution by an equal volume of ethanol (Found, in material dried at 110°/0-1 mm. for 8 hours : 
C, 39-0; H, 3-6; N, 6-3. (C,,;H,.O,N,P),Ba requires C, 39-8; H, 3-5; N, 6-2%). 

Benzyl Ethylphosphinate (111; R = Et).—Benzyl alcohol (8-3 g., 1 mol.) in dimethylaniline (9-4 g., 
1 mol.) was added dropwise to an ice-cold stirred solution of ethyldichlorophosphine (10 g. ; Kharasch, 
Jensen, and Weinhouse, Joc. cit.) in benzene (20 c.c.) during 1 hour. A further quantity (s-3 g-, 1 mol.) 
of benzy] alcohol was then added, the mixture set aside overnight at room tem: ture, and the product 
worked up as in the case of benzyl phenylphosphinate (see above). Benzyl ethylphosphinate (12 g.), 
a colourless liquid with an unpleasant odour, is usually pure enough for use without distillation. Ina 
“molecular ”’ still it distilled at ca. 90—95°/0-1 mm. (Found: C, 57-8; H, 7-1. C,H,,0,P requires 
C, 58-7; H, 7-1%). The ester reacted at once with carbon tetrachloride and cyclohexylamine, yielding 
benzyl ethyl-cyclohexylaminophosphinate (V; R=Et, R’ = a! which crystallised from 
n-hexane in colourless needles, m. p. 60—61° (Found : C, 64-1; H, 8-6; N, 5-1. C,sH,,O,NP requires 
C, 64-2; H, 82; N, 50%). Treated with a half-saturated solution of chlorine in carbon tetrachtoride 
in the usual way, benzyl ethylphosphinate yielded benzyl ethylchlorophosphinate (VI; R = Et) as 
a colourless unstable oil which could not be purified by distillation and was used directly; it reacted 
at once with cyclohexylamine, to give benzyl ethyl-cyclohexylaminophosphinate (m. p. and mixed m. p. 
60—61°) in quantitative yield. 

2’ : 3’-isoPropylidene Adenosine-5' Benzyl Ethylphosphonate.—Benzyl ethylchlorophosphinate (from 
0-6 g. of benzyl ethylphosphinate) was added to a solution of 2’ : 3’-isopropylidene adenosine (0-4 g. ; 
dried at 110° for 12 hours) in dry pyridine (10 c.c.) at —40° and the mixture kept just above its m. p. 
for 2 hours then left overnight at room temperature. When the mixture was worked u described 


as 
for the corresponding phenylphosphonate, 2’: 3’-isopropylidene adenosine-5’ benzyl ethylphosphonate 
(0-65 g.) was obtained as a white amorphous powder by precipitation from its ethanol solution with 
ether (Found, in material dried at room temperature/0-1 mm. for 24 hours: C, 54-4; H, 6-2; N, 14-0. 
Cy3H,,0,N,P requires C, 54-0; H, 5-7; N, 143%). 

Adenosine-5' Ethylphosphonate (1; R = Et).—The above ee ester (0-6 g.) was hydrogenated 


inaqueousethanol (20 c.c.; 80%), a mixture of palladous oxide and catalysts being used 
at room temperature and atmospheric pressure, and the glassy product was set aside for 2 days in dilute 
sulphuric acid (100 c.c.; 0-1N.) to remove the isopropylidene residue. Sulphuric acid was exactly 
neutralised with barium hydroxide, barium sulphate centrifuged off, and the clear supernatant liquid 
evaporated to dryness under reduced pressure. The colourless residue separated from warm ethanol 
as a white, apparently amorphous powder, which softened at ca. 75° and gradually melted above this 
temperature. In this state the adenosine-5’ ethylphosphonate a to be hydrated (Found, in 
material dried at room ry ap mm. for 24 hours : C, 33-9; H, 6-2; N, 16-3. C,,H,,O,N,P,4H,O 

uires C, 33-4; H, 6-0; N, 16-2%). Part of the water could be removed by drying at 80° (Loss, 10-1. 

. for loss of 2-5 mols. of HO: 10-6%) but above this temperature decomposition ually set in. 
On paper chromatography with éert.-butyl alcohol-pyridine—water (65 : 25: 15) the p nate had 
Ry = 0-3 but appeared to be contaminated by a amount of some fast-moving impurity. It was 
therefore purified by chromatography on a cellulose column, the above ¢ert.-alcohol-pyridine—water 
mixture being used to wash the material through the column. The nucleotide-containing fractions 
were combined and evaporated under reduced pressure. The residue was dissolved in water and 
converted into the barium salt which was obtained as a white powder by addition of a small amount 
of ether to its solution in aqueous ethanol [Found, in material dried at 110°/0-1 mm. for 8 hours: N, 
15-7; P, 7-0. (C,,H,,O,N,P),Ba,2H,O requires N, 15-8; P, 7-0%). 

2’ : 3’-isoPropylidene Uridine-5’ Benzyl Ethylphosphonate.—Benzyl ethylchlorophosphinate (from 
2 g. of benzyl et pny: was added to a solution of 2’ : 3’-isopropylidene uridine (1 g.; dried at 
110°/0-1 mm. for 12 hours) in dry pyridine (10 c.c.) at —40°, and the solution kept just above its m. p. 
for 2 hours and then left overnight at room temperature. Working up as Gunteel ton the ———— 
adenosine derivative gave a yellowish glass (1-2 g.) (Found, in material dried at room temperature/0- 
mm. for 24 hours: C, 53-9; H, 6-2; N, 5-9. C,,H,,O,N,P requires C, 54-1; H, 5-9; N, 6-0%). 

Uridine-5’ Ethylphosphonate (Il; R = Et).—The above benzyl ester was hydrogenated in aqueous 
ethanol solution, a mixture of palladous oxide and palladised charcoal catalysts being used. H tion 
was complete in 1 hour. When isolated in the usual way, the product was found by the te test 
to have both the benzyl and the isopropylidene residues; it was a colourless glass which fell to a 
white amorphous powder on trituration with ethanol. Uridine-5’ ethylphosphonate was bas f h i 
(Found, in material dried at room temperature/0-1 mm. for 24 hours: C, 40-1; H, 61; N, 82; P, ts. 
C,,;H,-O,N,P requires C, 39-3; H, 5-1; N, 8-3; P, 92%). It had [a]? =+ 3-5° + 0-5 (c, 2-9 in water) 
and Re = 0-68 on paper with an ethyl acetate-pyridine—water (100 : 45 : 100) system. The acridine salt, 
prepared by addition of 1 molecular proportion of acridine in ethanol to an aqueous solution of the phos- 
phonate, was a yellow amorphous powder (Found : C, 53-7; H, 5-4; N, 7-9. C,,H,,O,N,P,C,, ,H,O 
requires C, 54:1; H, 53; N, 7-9%). 
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2’ : 3’-isoPropylidene Uridine-5’ Ethylphosphonate.—A solution of 2’: 3’-i lidene uridine 
(1-42 g.; dried at 110°/0-1 mm. for 12 hours) in pyridine (5 c.c.) at — 20° was added in three portions to 
a solution of ethylphosphony! dichloride (0-8 g., 1-1 mols.; b. p. 67—69°/14 mm.) in pyridine (3 c.c.) 
at —20°. The mixture was kept in an ice-salt bath for 2 hours, left overnight at 0°, then cooled again 
to —20°, and aqueous pyridine (2 c.c.) was added, followed by excess of ice-water (20 c.c.). The ice- 
cold solution was then made alkaline with barium hydroxide, whereupon its colour changed from orange 
to yellow. The solution was decolorised with charcoal (norite) and evaporated to dryness under 
reduced pressure. The residue was dissolved in water (ca. 40 c.c.), and acetone (400 c.c.) was added. 
The precipitate so obtained (0-9 g.) consisted mainly of barium ethyl phosphonate which was recrystallised 
from water and formed glittering plates (Found, in material dried at 100°/0-1 mm. for 8 hours: C, 9-5; 
H, 3-0. C,H,O,PBa,H,O requires C, 9-1; H,2-6%). The filtrate, evaporated to dryness, gave a residue 
(1-4 g.) which was dissolved in water (5 c.c.), treated with charcoal, and filtered, and ethanol (50 c.c.) 
was added. A small amount of precipitated material was centrifuged off and the clear solution evaporated 
to dryness. The same oe was repeated once more, giving barium 2’ : 3’-isopropylidene uridine-5’ 
ethylphosphonate as a white amorphous — {Found, in material dried at 115°/0-1 mm. for 12 hours : 
C, 37-6; H, 46; N, 63. (C,,H,,O,N,P),Ba requires C, 37-8; H, 4:5; N, 6-3%]. The cyclohexylamine 
salt was prepared from the barium salt by decomposing the latter with the calculated amount of sulphuric 
acid, removing barium sulphate, and adding one molecular proportion of cyclohexylamine. It was 
extremely soluble in water and was obtained as a white amorphous powder, softening between 85° and 
90°, by precipitation from concentrated aqueous solution with ethanol (Found, in material dried at 
room temperature/0-1 mm. for 24 hours: N, 9-3. C,9H,,0,N,P requires N, 8-9%). 

Uridine-5’ Ethylphosphonate (Il; R = Et) from the above isoPropylidene Derivative-—A solution 
of 2’: 3’-isopropylidene uridine-5’ ethylphosphonate in N-sulphuric acid was warmed to 75° for 1} 
hours, then neutralised with barium hydroxide, filtered, and evaporated to dryness. The barium salt 
was dissolved in water and barium was removed by addition of the calculated amount of sulphuric acid 
(end-point checked with rhodizonic acid). Barium sulphate was ay off and the clear super- 
natant liquid evaporated. Uridine-5’ ethylphosphonate remained as a yellowish glass which was very 
soluble in water. Paper chromatography, with ethyl acetate—pyridine—water (100 : 45 : 100), showed 
that it had Rp = 0-68 but that it was accompanied by a trace of some phosphorus-free material. The 
substance was therefore chromatographed on broad sheets of filter paper, the above solvent mixture 
being used. The bands carrying the phosphonate were cut out and eluted with water, and the eluate 
evaporated under reduced pressure. The residue was identical in its properties with uridine-5’ ethyl- 
phosphonate prepared by using benzyl ethylchlorophosphinate as phosphonylating reagent. 

UNIVERSITY CHEMICAL LABORATORY, CAMBRIDGE. [Received, March 21st, 1951.) 





412. The Hydrolysis of Aryl Sulphonates. Part I. 
By C. A. Bunton and (Mrs.) Y. F. FRe!. 


The hydrolysis of phenyl toluene-p-sulphonate has been investigated in 
aqueous dioxan, with heavy oxygen as an isotopic tracer. The reaction is 
shown to involve a bimolecular attack by hydroxide ion on the sulphur atom, 
with fission of the sulphur—oxygen bond. 


Tue chemical behaviour of alkyl sulphonates R’*SO,*OAlk towards nucleophilic reagents is 
analogous to that of alkyl halides and sulphates, and they alkylate hydroxy- and amino-com- 
pounds by reactions which involve breaking of the alkyl-oxygen bond (Ferns and Lapworth, /., 
1912, 273). Hydrolysis may occur by the Syl or the S,2 mechanism, depending on the structure 
of the compound and the experimental conditions, but no acid catalysis has been observed 
(Démeny, Rec. Trav. chim., 1931, 50, 60). 

The optical results of work by Kenyon and his collaborators on the hydrolysis of alkyl 
sulphonates are adequately explained in terms of alkyl—oxygen fission, and this conclusion is 
proved by tracer studies in water containing an excess abundance of !*O (Ader, Thesis, London, 
1949). 

The reduction of alkyl sulphonates by lithium aluminium hydride also involves alkyl— 
oxygen bond fission, with the formation of a hydrocarbon (Schmid and Karrer, Helv. Chim. 
Acta, 1949, 32, 1371; Kenner and Murray, J., 1950, 406) : 


R’-SO,-0-+R —> R’SO,OH + RH 
However, these authors showed that aryl sulphonates are reduced by this reagent to phenols, a 
reaction which presumably involves fission of the sulphur—oxygen bond : 
R’-SO,--OR —-> R’SO,H + R-OH 
It was expected that this alternative moce of nucleophilic substitution, involving attack on 


the sulphur atom, should be realised in the hydrolysis of compounds whose structure restricts 
attack on the carbon atom involved in the oxygen-carbon bond. Nucleophilic attack on a 
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phenyl group is usually difficult, as in the hydrolysis of the halogeno-benzenes. It is now shown 
that the hydrolysis of an unsubstituted phenyl sulphonate involves nucleophilic attack on 
the sulphur atom, with breaking of the sulphur—oxygen bond. 

The hydrolysis of phenyl toluene-p-sulphonate is very much slower than that of alkyl 
sulphonates. The reactions were carried out in alkaline aqueous dioxan, with water enriched 
in 180, and this tracer did not appear in the isolated phenol. 

No phenol was isolated from an experiment carried out in 60% aqueous dioxan for 3 weeks 
at 120°, in the absence of alkali; therefore the reaction occurs by attack of the hydroxide ion 
on the sulphur atom : 


R’-SO;—OPh + "OH- -——> R”SO,""OH + ~OPh —-> R’*SO,"*O- + HOPh 
A similar nucleophilic attack on a hexacovalent sulphur atom occurs very readily in reactions 
of the sulphony!] halides with amino- and hydroxy-compounds. 
The nucleophilic attack on the sulphur atom, which only occurs in this special case among 
sulphonic esters, requires a transition state in which the groups X and Y may be either in one 


plane with S and O atoms (as I) or opposite to each other in a plane perpendicular to the 
O-S-O plane (as II). 

VA 

C) 


ry, 
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EXPERIMENTAL. 


The experiments were carried out in aqueous dioxan (4: 6 by vol.), to which the required amounts 
of solid potassium hydroxide were added; a correction was applied for the dilution of *O by the normal 
oxygen of the potassium hydroxide. 

The phenol was isolated, and, after distillation, dried intensively over arm “ery oxide. It was 
reduced to water by Russell and Fulton’s method (Ind. Eng. Chem. Anal., 1933, 5, 384). The first 


portion of the water to pass through the cracking train was rejected. The remainder was purified by 
static distillation im vacuo, and the '*O content determined by equilibration with dry carbon dioxide 


(Cohn and Urey, J. Amer. Chem. Soc., 1938, 60, 679), followed by a mass-spectrometric determination of 
the oxygen isotope abundances in the carbon dioxide. These analyses were carried out on a 180° mass 
spectrometer of conventional design. A blank test with the cracking train showed that a 10% dilution 
of the isotopic tracer occurred. 

The experimental results, summarised in the Table, show that fission of the sulphur-oxygen bond 
occurs to an extent of at least 98% of the reaction, and that phenol does not exchange its oxygen with 
water under these conditions, 

Isotope abundances 
Expt. Volume of Moles of Moles of Time (atoms % excess), 
no. solvent (c.c.) ester K . original * phenol 
1 . 0-528 0-006 
2 . . 0-517 0-011 
3 . , 0-502 0-013 
4 No reaction. 


120 0-525 0-005 
* Corrected for dilution by KOH. 


The figures quoted for the excess isotope abundances are — by a the intensities of 
the peaks 44 and 46, representing !*C!*O1*O and 1*C!*O!8O respective peak 45 due to "C##01"0 
is ignored as it will always be very small in comparison with mecca it rt ger ratio 44: 46 = R, then 
the abundance of !*O is given by » = [100/(2KR + 1)] atoms %, where eo i 038 at 25°. 

The abundances quoted are the excess above the value obtained for normal carbon dioxide, the values 
for the normal and enriched samples being determined at the same time for each analysis. 


The authors are grateful to the Department of Scientific and Industrial Research for financial 
assistance in the construction of a mass spectrometer, to Dr. D. R. Llewellyn for a generous supply of 
enriched water, and to Professor E. D. Hughes, F.R.S., and Dr. D. P. Craig for valuable advice on this 
work. 


Witiram RAMSAY AND RALPH ForsTER LABORATORIES, 
University CoL_ece, Lonpon, W.C.1. [Received, March 22nd, 1961.) 
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413. Huttig’s Multilayer Isotherm. 
By R. M. Barrer. 


Huttig’s isotherm cannot be interpreted physically in terms of B.E.T. 
(Brunauer-Emmett-Teller) molecular columns. The Huttig isotherm is 
thermodynamically consistent with a succession of layers in a potential field, 
vertical interactions between sorbate molecules in successive layers being 
omitted. Lateral interactions are, however, allowed. The isotherm is 
thus complementary to the B.E.T. isotherm where vertical interactions are 
introduced and lateral interactions are omitted. The Huttig potential 
normally proves to be the equivalent of a London—van der Waals potential 
due to the surface together with a potential due to lateral interaction. 


Huttic (Monatsh., 1948, 78, 177), using kinetic arguments, derived a multilayer isotherm 
which Ross (J. Phys. Chem., 1949, 58, 383) has shown to give as good a fit with experimental 
isotherms as does that of Brunauer, Emmett, and Teller (B.E.T.) (Brunauer, ‘‘ Adsorption of 
Gases and Vapours,” Oxford Univ. Press, 1944, Chap. 6). Huttig’s isotherm has been the 
subject of criticism (Hill, J. Amer. Chem. Soc., 1950, 72, 5347) and the present communication 
gives some views as to its physical interpretation. In all discussions to date (Huttig, Ross, 
Hill, Jocc. cit.; Fergusson and Barrer, Tvans. Faraday Soc., 1950, 46, 400) there has been a 
failure to evaluate the consequences of an essential physical feature which is indicated in the 
next paragraph, and neglect of which has led to confusion. 
Interpretation of the Isotherm.—The equation 
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defines for Huttig’s isotherm the relative number of molecules N; and N,_ , (Ny/N;_ , = 6';) in 
the ith and the (i — 1)th layer respectively ; a; and b; in equation (1) areconstants. This equation 
is not compatible with the B.E.T. type of linear molecular column, for when one considers such a 
column one finds that no two kinetic mechanisms can be devised for evaporation and 
condensation which are the reverse of one another and at the same time lead to equation (1). The 
principle of microscopic reversibility thus shows that equation (1) cannot follow from B.E.T. 
molecular columns. 

It is not yet clear therefore with what physical picture Huttig’s isotherm is thermo- 
dynamically consistent, and what physical limitations this picture involves. It is accordingly 
of value to consider Huttig’s isotherm again, because of its undoubted usefulness in correlating 
adsorption data and determining surface areas. 

We first show that the isotherm is consistent with a distribution of adsorbed molecules in 
successive layers in a field of sorption potential, emanating from the sorbent. There may be 
and usually is a contribution to the potential owing to lateral interaction (see next section), but 
vertical interactions between sorbate molecules in successive layers must not be counted [in 
order that ith-layer molecules may become independent of (i — 1)th or (¢ + 1)th layer molecules}. 
If equation (1) is to be satisfied, this model gives : 


Ni/Ni- 1 = ye (1 + yeh) (where yy, = a/b) . - - + = (ia) 
Thus the field of sorption potential caused by the sorbate-sorbent interaction, and by J/ateral 
sorbate—sorbate interaction must be such that 


Ni 
where @ is the] degree of filling of the ith layer and N, the number of molecules needed to 
saturate that (and on a plane surface any other) layer. For a vapour equation (2) may be 
written : 


O (rca): Single Ota te 


where C; = yifo, * = P/Po, and p, is the vapour pressure of liquid sorbate. The resultant 
isotherm is : 


U/Um as x6; . . . ° . ° . . . . (4) 
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where v and v,, have their usual significance (Ross, Joc. cit.). Equations (3) and (4) lead easily to 
all variants of Huttig’s isotherm (Fergusson and Barrer, loc. cit.). 
When each layer is thus made independent of other gh the thermodynamic equilibrium 


condition is M, = M, where M, is defined by n-- a, (In Q;) and Q; = F(N;, N,, T, 4). 


Here M, and M, are the chemical potential in any ith layer and in the gas phase respectively ; 
Q; denotes the partition function, and ¢ is the sorption potential. With M, thus defined this 
is a different equilibrium condition from that obtained by using the B.E.T. model (Hill, loc. cit.). 
The condition M; = M, corresponding to Huttig’s isotherm is satisfied by any gas obeying the 
equation ~(V — Nb) = NkT in any field of potential due to the surface. It will likewise be 
followed by a van der Waals gas in the field of sorption potential provided that we omit vertical 


Some distributions of molecules near a surface, in presence of various fields of sorption potential. 
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Mi 9)"; = 400: T= OO 


p = latm.so that 6, = 0-00051; anda = 1, 2, and 3respectively. Equation of state: »(V — Nb) 
= NkT, with 5 as for nitrogen. 


Curves 1, 2, and 3: —_ exp. —_ = 6, exp. B, where B = 


Curve 4: — e @ o*P- (i $., — a) = 6, exp. B; n = 3; a = 9-97; and all other constants as for 
curves 1, 2, and 3. Equation of state: (p + oNn/V)(V — Nb) = NkT, for nitrogen gas. The 
simple B.E.T. distribution with 6, = 0-90,, C, = C, = 1, and the corresponding Huttig 
distribution with 0, = 0-90,,C, =C,... =lare * also shown as dotted curves. 


sorbate-sorbate interactions between molecules in different layers, while counting lateral 
interactions. This is complementary to the B.E.T. model which counts vertical and omits 
lateral interactions. 

In accord with the idea of such a distribution the sorption volume is divided parallel to the 
surface into layers one molecule thick. Any molecular centre falling within one such region 
belongs to that layer. Molecular centres may be, but are not necessarily, regarded as 
concentrated at the mid-plane of the layer. All that is necessary for the independence of 
layers is that interaction between molecules in different layers be omitted. This omission may 
be one reason why Huttig’s isotherm understates sorption at higher /p,, for at higher relative 
pressures the self-potential of sorbate becomes dominant in building layers beyond the first 
(Barrer and Robins, Trans. Faraday Soc., in the press). 

The Huttig Distribution.—One must also consider further the magnitude and character of 
the potential which will give rise to the Huttig type of isotherm. This can be done by comparing 
the distribution of a gas obeying the equations 


p(V — Nb) = NkT and (p + on) — Nb) = NkT 
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in a London-van der Waals potential due to the sorbent with the distribution required by 
Huttig’s isotherm. 
The figure gives the distribution 





6 
6, exp By = i o exp (7-5). oN Spite kt OR 
corresponding to p(V — Nb) = NkT. For a molecule with the dimensions of nitrogen at 
90° k., we have 0, = N/N, = pb/VkT = 000051, when = 1 atm. Also §; = E;/RT = 
const. /r"RT, where 7; denotes the distance of the mid-plane of the ith layer from the surface, E; 
is the energy of interaction between an Avogadro number of molecules in this ith layer and the 
surface, and m depends on the nature of the interaction between a sorbate molecule and the 
substrate. E; when nm = 3 corresponds to London disperision forces (De Boer and Custers, 
Z. physikal. Chem., 1934, 25, B, 225; Verwey and Overbeek, “ Theory of the Stability 
of Lyophobic Colloids,’’ Elsevier, 1948, Chap. 6). In curves 1, 2, and 3, E, for the molecule in 
the first layer is taken to be 3000 cals. /g.-mol., and m = 1, 2, and 3 respectively. The co-volume 
and molecular dimensions of the sorbate are taken to be those of nitrogen and the mid-plane of 
successive layers to lie at 4, 8, 12, 16, etc., A. from the mid-plane of the surface layer of sorbent 
atoms. 


The distribution corresponding to the Huttig isotherm in its simplest form . 
m 


is also given, and follows quite closely the curve 2 of the figure (m = 2), when C, = 33°08 and 
x = 0°281 (as for nitrogen at 90° k.). The Huttig isotherm in its general form (Fergusson and 
Barrer, loc. cit.), viz. : 
v _ co (1 Cy + C,Cyx* mies ) 
Ulm 14+ Cy 1+ Cyr (1 + Cy*)(1 + C,x) 
coincides with the curve for m = 1, and with x = 0°281, when C, = 33°08, C, =-11°5, C, = 4°63, 
C, = 3°95, a very reasonable sequence of values. 

The Huttig distribution thus normally falls off less rapidly than corresponds to London—van 
der Waals forces between substrate and sorbate when ali molecular interactions between sorbate 
molecules are omitted (curve 3, figure). This slower decrease is then formally equivalent to the 
empirical introduction of /ateral interactions, just as the still slower decrease corresponding to 
the B.E.T. distribution (curve 4) is formally the equivalent of introducing vertical intermolecular 
interactions. The empirical nature of Huttig and B.E.T. distributions is shown by calculating 
6 vs. y for a van der Waals gas where (p + aN*#/V*)(V — Nb) = NkT. In this case one may 
approximate the actual distribution by using the relation * : 


(6) 


8 
0, exp. B a sr ben as (5 —_ 26) . . ° . e . . (7) 


where « = 2a/bkT with aand 6 defined by van der Waals’s equation for nitrogen, 8 = const./F RT, 
and E, = 3000 cals./g.-mol. for a molecule in the first layer. The appropriate value of « for 
nitrogen gas at 90° k. is 9°97 (Barrer and Robins, Joc. cit.). The artificiality of the B E.T. and 
Huttig distributions near the surface, compared with distribution of nitrogen at 90° K., is made 
clear from these curves. : 

In conclusion one may say that Huttig’s isotherm has limitations comparable with those of 
‘he B.E.T. isotherm. Both isotherms may be used in obtaining surface areas and in correlating 
adsorption data, but in these uses a large element of empiricism must be accepted. 


I am indebted to Mr. J. A. Barrie, B.Sc., of this Department for the calculations recorded in the figure. 


MARISCHAL COLLEGE, ABERDEEN. (Received, March 28th, 1951.) 

* More exact calculation, allowance being made for the effect of concentration gradient and of the 
limited extent of the sorbed film on the sorbate-sorbate self potential, shows that the discontinuity in 
Curve 4 often, but not always, disappears (Barrer and Robins, paper in preparation). 
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414. The Isomerisation of Diallyl Sulphilimines. 
By AntHony S. F. AsH, FREDERICK CHALLENGER, and DouGctas GREENWOOD. 


Diallyl sulphilimines, (CH,-CH-CH,),S-> N-SO,*Ar undergo a spontaneous 

re-arrangement, giving N-allyl-N-allylthioarylsulphonamides, 
CH,-CH-CH,N(S°CH,°CH:CH,)*SO,Ar. 

The structure of the isomers follows from their hydrolysis to the N-allyl- 

sulphonamide, hydrogen sulphide, diallyl disulphide, and (presumably) 

acraldehyde. 

When Ar is p-tolyl or 4-methyl-3-nitrophenyl, the sulphilimine can be 
isolated, but when Ar is a-naphthyl the isomer is obtained directly by 
interaction of diallyl sulphide and N-chloro-N-sodionaphthalene-1-sulphon- 
amide. The isomerisation is analogous to that of certain alkylbenzyl- or 
alkylallyl-aniline oxides to O-benzyl- or O-allyl-hydroxylamines. Dimethyl 
and di-n-propyl, but not diallyl, sulphide can conveniently be regenerated 
from sulphilimines by reduction. 


IN a previous communication (J., 1950, 29) two of us stated that the sulphilimine of 
diallyl sulphide (diallylsulphinetoluene-p-sulphonylimine, CH,-C,H,*SO,*N <-S(CH,°CH:CH,),] is 
converted without loss in weight into an oil when warmed on the steam-bath or kept for 
3—4 days at room temperature. In a refrigerator the compound is stable for 3—4 weeks. 
The oil (A) which decomposed on attempted distillation at 0°4 mm. and could not be caused to 
solidify has now been identified as N-allyl-N-allylthiotoluene-p-sulphonamide, by hydrolysis 
with hot sodium hydroxide whereby hydrogen sulphide, dially] disulphide, a resin, and N-allyl- 
toluene-p-sulphonamide are produced. The last-named compound was identical with a specimen 
synthesised by Wedekind’s method (Ber., 1909, 42, 3939). The course of the hydrolysis may 
be represented thus (Ar = p-tolyl) : 


(1) Ar-SO,N(CH,yCH:CH,)‘S-‘CH,-CH:CH, Br Ar-SOyNH-CH,-CH:CH, + CH,:CH-CH,’S‘OH 
(2) CH,CH-CH,S-OH-+>H,S + CH,:CH-CHO 
(3) 4CH,-CH-CH,*S-OH->(CH,-CH-CH,’S-), + CH,:CH-CH,’SO,’S-CH,CH:CH, + 2H,O 
The diallyl ‘‘ disulphoxide ”’ (allyl allylthiolsulphonate) probably then undergoes hydrolysis 
to prop-2-enethiol and prop-2-enesulphonic acid. 

The decomposition of sulphenic acids, R-CH,*S*OH, to hydrogen sulphide and an aldehyde 
is well known (Schéberl and Eck, Annalen, 1936, 522, 97). The resin obtained on hydrolysis 
presumably arose by decomposition or polymerisation of the acraldehyde. The sulphenic acids 
can also decompose as shown in (3) (Otto, Ber., 1882, 15, 121; Zincke and Eismayer, ibid., 
1918, 51,751). The diallyl disulphide was not characterised, as a suitable derivative for melting- 
point determination is difficult to find, but its odour was very obvious and passing the vapour 
from the hydrolysis through sodium hydroxide and then into aqueous chloramine-t yielded 
toluene-p-sulphonamide. Authentic diallyl disulphide behaves in a similar manner. No 
R-‘S‘NH-SO,-C,H,Me compound analogous to the disulphonamide derivatives (D) (Clarke, 

Kenyon, and Phillips, J., 1920, 1225; Alexander and McCombie, /., 

‘SOyC.H,Me (D.) 1932, 2087) was detected. Moreover, absorption in mercuric chloride 
gave an insoluble mercurated product with the properties of that obtained from the authentic 
disulphide (see p. 1879, and Challenger and Greenwood, Biochem. J., 1949, 44, 89). 

Diallyl sulphide was absent from the products of hydrolysis because no diallyl sulphilimine 
separated in the chloramine-tT solution. The sulphide can readily be detected in a gas stream 
by formation of the sulphilimine. 

The N-zllyltoluene-p-sulphonamide, obtaine1 by alkaline hydrolysis of the oily isomerigation 
product of the sulphilimine, was oxidized by alkaline potassium permanganate to p-sulphamy]- 
benzoic acid (characterised as the methyl ester), thus confirming its structure. The allyl group 
is eliminated during the oxidation. Oxidation of authentic N-allyl- and N-methyl-toluene-p- 
sulphonamide with alkaline permanganate was found to give p-sulphamylbenzoic acid. 

It was decided to seek for further examples of the isomerisation of sulphilimines. By using 
dially] sulphide and a “ chloramine ”’ of higher molecular weight it was hoped that the product 
of isomerisation would be a solid which could be purified and characterised. (There is, however, 
no evidence that the isomerisation to the oil is incomplete; see p. 1880.) The behaviour of 
diallyl sulphide with N-chloro-N-sodio-naphthalene-1l-sulphonamide C,,H,*SO,-NCINa and 
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with N-chloro-N-sodio-4-methyl-3-nitrobenzenesulphonamide (Chattaway, J., 1905, 145) was 
therefore examined. In the former case no sulphilimine could be isolated, the first product of 
the reaction being an oil (B). With the nitrotoluene derivative a solid “ sulphilimine,”’ diallyl- 
sulphine-4-methyl-3-nitrobenzenesulphonylimine was obtained. This was shown to have the 
normal sulphilimine structure by hydrolysis with hydrochloric acid, whereby 4-methy]-3-nitro- 
benzenesulphonamide was obtained. Before this hydrolysis the ‘‘ sulphilimine ’’ was triturated 
with aqueous sodium hydroxide to remove sulphonamide which is frequently formed during the 
preparation of sulphilimines, a corresponding amount of sulphide being probably oxidised or 
chlorinated by the hypochlorous acid simultaneously liberated. When kept for a few days at 
room temperature the “ sulphilimine,”’ without loss in weight, formed an oil (C) (which was 
turbid if the sulphilimine was contaminated with sulphonamide). 

Alkaline hydrolysis of the oils (B) and (C) under the conditions employed in the 
case of (A) gave N-allylnaphthalene-l-sulphonamide and N-allyl-4-methyl-3-nitrobenz- 
enesulphonamide respectively (these were prepared by the Schotten—-Baumann reaction for 
comparison). Hydrogen sulphide, allyl disulphide, and resin were formed as before. In the 
case of (C) the hydrolysis must be conducted at room temperature, otherwise resinification 
occurs (cf. Schreiber and Schriner, J. Amer. Chem. Soc., 1934, 56, 114). Migration of allyl from 
nitrogen to sulphur has, therefore, again been demonstrated but the N-allyl-N-allylthiosulphon- 
amides could not be caused to solidify. 

““ Sulphilimines ” are useful for the characterisation of aliphatic sulphides (Mann and Pope, 
J., 1922, 121, 1052; 1924, 125, 911) but regeneration of the sulphides does not appear to have 
been described. This may be effected in the case of the dimethyl and di-n-propy] derivatives in 
95 and 73% yield respectively by refluxing them with tin and hydrochloric acid, hydrolysis to 
sulphoxide and sulphonamide and reduction of the sulphoxide readily taking place. The 
sulphides were characterised as the mercurichlorides. Alkanethiols were shown by the 
mercuric cyanide test to be absent. 

In the case of diallylsulphinetoluene-p-sulphonylimine (‘‘ diallyl sulphilimine ’’), although 
toluene-p-sulphonamide can be isolated the sulphide undergoes reduction to hydrogen sulphide 
and prop-2-enethiol. These products were shown in a separate experiment to be formed on 
heating of diallyl sulphide with tin and hydrochloric acid. 

Dr. J. W. Baker (private communication) suggested that the electron transfer involved in the 
isomerisation proceeds thus and that the driving force is the attraction of the positive charge 

H, 02 the sulphur atom for the electrons of the S-alkyl link. A 

MeC.H,-SO.<— 2 * rearrangement which is closely analogous to that of the diallyl 
RE ee }  sulphilimines was observed by Meisenheimer (Ber., 1919, 52, 1667) 
Ht (CH, and by Meisenheimer, Greeske, and Willmersdorf (ibid., 1922, 55, 513) 

Nc who found that in presence of aqueous alkali at 100° allylmethylaniline 


H oxide (I) isomerises to O-allyl-N-methyl-N-phenylhydroxylamine (II). 
This yielded methylaniline and allyl alcohol on reduction. Hydrolysis with hydrochloric acid 
gave acraldehyde, methylaniline, and -chloro-N-methylaniline (thus establishing its con- 
stitution). Allyl alcohol which should also have been produced was not detected. Allylethyl- 
aniline oxide and benzylmethylaniline oxide underwent a similar rearrangement, but the 
products were not examined so closely. Kleinschmidt and Cope (J. Amer. Chem. Soc., 1944, 


C,H,:*MePhN->O MePhN-O-CH,-CH:CH, — CH,Ph-Et,N->O (CH -CH:CH-CH,)-MePhN->O 
(I.) (II.) (III.) (IV.) 


66, 1929) confirmed Meisenheimer’s results with the latter compounds and proved that their 
rearrangement was analogous to that of (I); by carrying out a similar change with crotyl- 
methylaniline oxide (IV) they showed that the migrating group undergoes inversion, the 
product being (V). 

They proposed an intramolecular cyclic mechanism for this rearrangement which is similar to 
that proposed by Dr. Baker (see above) for the rearrangement isomerisation o! the sulphilimines. 


/H H, 


pang 
C,H, No—>0° C.HyN 
(IV.) Ha tnen, HC. HCH, (V.) 


a 


These changes are analogous to the Claisen rearrangements, except that a diad and not a triad 
system is involved. 
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Neither sodium hydroxide nor the presence of a phenyl group is necessary for the 
isomerisation, which has also been effected by the action of heat on various dialkylallylamine 
oxides and also on benzyldimethylamine oxide (Cope and Towle, ibid., 1949, 71, 3423), giving 
NN-dialkyl-O-allylhydroxylamines and O-benzyl-NN-dimethylhydroxylamine. Benzyldiethyl- 
amine oxide (III) undergoes a similar rearrangement (Cope, Foster, and Towle, ibid., 1949, 71, 
3931), but ethylene and N-benzyl-N-ethylhydroxylamine are also formed. The latter under- 
goes O-benzylation by migration of benzyl from (III), giving ON-dibenzyl-N-ethyl- and NN-di- 
ethyl-hydroxylamine. The authors quote analogous reactions in which quaternary benzyl- and 
allyl-ammonium halides or bases “ alkylate’’ phenols by migration of allyl or benzyl. 
Challenger, Taylor, and Taylor (J., 1942, 48) and Challenger and (Miss) Fothergill (Biochem. J., 
1949, 45, xxvii) reported that N-methylation of primary aromatic amines occurred when these 


+ - 
were heated with quaternary compounds such as betaine or acetothetine Me,S°CH,°CO,. 

Arbuzov and Nikonorov (J. Gen. Chem., Russia, 1948, 18, 2008; Chem. Abs., 1949, 48, 3802) 
describe reactions of an opposite type. Attempts to prepare the allyl and benzy] ethers of diphenyl- 
phosphinous and -thiophosphinous acids, Ph,P-OR and Ph,P*SR, yielded only the coresponding 
phosphine oxides or sulphides Ph,RP-+O and Ph,RP->S on distillation or, in the second case, 
spontaneously on standing. Furthermore, the ether Ph,P-OMe in presence of methyl! iodide or 
a trace of iodine yielded Ph,MeP>O. 

Our work will be continued in various directions and the behaviour of dibenzylsulphilimine 
examined. 

The sulphilimines R,S— N-SO,°R’ are hydrolysed by acids by attachment of a proton to the 
nitrogen atom. The absence of the semipolar link in the isomer RS*NR-*SO,°R’ renders this 
less probable. The sulphur atom can, however,’ expand its valency shell by accepting a 
hydroxyl ion. This is facilitated by the attraction of the sulphonyl group for the unshared 
electrons of the nitrogen, an effect which can be relayed to the sulphur. The isomer is therefore 
hydrolysed by alkali but not by acid (see p. 1877). 


EXPERIMENTAL. 


wines A gr gnery p-sulphonylimine. Ts sulphide (6 g.) was shaken for 20 minutes with 
chloramine-t (13-6 g.) in water (200 c.c.) crystalline precipitate, which quickly formed, was 
washed with water & dried (15-3 g.; m. ry After three tallisations from ee 
petroleum (b. p. 40—60°) the sulphilimine the constant m. p. of 72° (Found: C, 54-8 . ; eH, 
5-1. C,,;H,,O,NS, requires C, 55-1; H, 6-0; N, 5-4%). After 3—4 days at room temperature, it was 
converted into a clear oil without loss of weight. 

Hydrolysis of the sulphilimine. Immediately after preparation, the sulphilimine (1 g.) was heated 
under refiux for 1 hour with hydrochloric acid (10 c.c.)._ Asmall amount of oil separated. After cooling, 
the clear solution deposited 0-48 g. of solid which, after one recrystallisation from water, had m. p. 137°, 
alone or mixed with authentic toluene-p-sulphonamide. 

Hydrolysis of the liquefied sulphilimine. The oil (9 g.) was boiled for 45 minutes under reflux with 
25% aqueous sodium hydroxide (50 c.c.). Traces of yellow solid, unmelted below 270°, 
were removed by filtration of the reddish-brown solution (S) through glass-wool. The odour of dially! 
= was noticed. Neutralisation with hydrochloric acid gave an oil and much ae sulphide 

berated. The oil was extracted with ether, evaporation leaving orange needles he aqueous 
solution when evaporated to dryness yielded nothing on extraction with hot acetone and contained 
only sodium chloride. The orange solid, after decolorisation with charcoal and four recrystallisations 
from benzene-light petroleum (b. 4 40—60°), formed pale yellow crystals (5-4 g.), m. p. 61—62°. Two 
tallisations from dilute alcohol raised the m. p. to 64—65° alone or on admixture with ery 
N-allyltoluene-p-sulphonamide (Found: C, 56-6; H, 61; N, 6-2. Calc. for C,H,,O,NS: C, 
H, 6-2; N, 6-6%). 

A further quantity of the alkaline liquor (S) was acidified in a stream of nitrogen which was passed 
successively through sodium hydroxide (a) (to trap =e oe sulphide), 10% chloramine-t solution (5), 
and 3% aqueous mercuric chloride solution (c). Toluene-p-sulphonamide, together with traces of 
oil, was precipitated in (b) and identified by mixed m. p. The preci aoe in (c) had the properties 
of the mercurated fission product of an unsaturated disulphide, Hig:CHR-CH(OH)-CH, *HgCl, 
being insoluble in all common organic solvents and unme’ below 26 With sodium hydroxide 
yellow mercuric oxide was prec or Hydrochloric acid produced the ‘odour of a thiol. Diallyl 
disulphide (which was recogni in the nitrogen stream by its strong and characteristic odour after 
absorption of the hydrogen sulphide) behaves in a similar manner with chloramine-T and mercuric 
chloride. 


Oxidation of N-Allyltoluene-p-sulphonamide.—The uct of o hydrolysis of the liquefied sulphilimine 
(2 g.) was boiled under reflux for 1 hour with excess of alkaline 6% potassium ——— solution (200 
c.c.). After decolorisation with sulphur dioxide, the solution was evapora The residue was washed 
with water, dissolved in sodium carbonate solution, and sapeecipitaned by 4 by dilute hydrochloric acid. The 
product (1-15 g.), after three recrystallisations from water, had m. p. 283° (decomp.) alone or on 
admixture with authentic SST hn ten acid, m. p. 281° (Found: C, 42-2; H, 3-8; N, 7-1. Calc. 


for C,H,O,NS : C, 41-8; H, 3-56; N, 6-9%) 








1880 Ash, Challenger, and Greenwood : 


Characterisation of the oxidation product. The acid (0-6 g.) was treated with ether (20 c.c.) containing 
diazomethane from nitrosomethylurea (1 g.; excess), and left for 1 hour. The mixture was 
then refluxed for | hour and the ether evaporated. Unchanged p-sulphamylbenzoic acid was removed 
with aqueous sodium hydrogen carbonate. The ester (0-3 g.; m. p. 176—178°), recrystallised twice 
from water, had m. p. 181—182°, alone or on admixture with authentic methyl p-sulphamylbenzoate 
(Found: C, 44-9; H, 45. Calc. forC,H,O,NS: C, 44:7; H, 42%). 

Oxidation of N eee N-allyltoluene-p-sulphonamide (6 g.) 
(see p. 1881) was refluxed for 2 hours with alkaline 6% potassium permanganate solution (500 c.c.; 
excess). Decolorisation with sulphur dioxide gave the corresponding crude carboxylic acid. A further 
quantity was obtained by concentration of the filtrate. The combined precipitates were treated with 
sodium hydrogen carbonate solution and filtered. Acidification of the filtrate precipitated an acid 
which, after two recrystallisations from hot water, had m. p. 280-—281° (decomp.) alone or on admixture 
with authentic p-sulphamylbenzoic acid. The portion (0-8 g.) insoluble in sodium vongn carbonate, 
when recrystallised from hot water, had m. p. 137° alone or mixed with toluene-p-sulphonamide. 

Preparation of N-Chloro-N-sodionaphthalene-\-sulphonamide.—The sulphonamide, pre from 
sodium naphthalene-a-sulphonate, was converted into the “ chloramine’’ compound ugh the 
corresponding dichloroamide (Chattaway, j., 1905, 145) (Found: available Cl, 9-2. c. for 
C,.H,O,NSCINa : available Cl, 13-4%). 

Preparation of N-Chloro-N-sodio-4-methyl-3-nitrobenzenesulphonamide.—Toluene-p-sulphonic acid 
was nitrated in a freezing mixture with concentrated nitric acid in acetic anhydride (Hirwe and 
Jambhekar, J. Indian Chem. Soc., 1933,10, 42). The sodium salt of the nitrated acid was converted into 
the sulphonamide (Fichter and Bernoulli, Ber., 1909, 42, 4308), and the “ chloramine ’’’ compound 

repared as usual (Found: available Cl, 9-35. Calc. for C,H,O,N,SCINa: Available Cl, 13-0%). 
The chloramine is particularly susceptible to warm alkali; Chattaway (loc. cit.) attributes this to the 
effect of the nitro-group. 


Preparation of Dimethylsulphinenaphthalene-\-sulphonylimine.—A mixture of dimethyl sulphide 
(1-5 g.) and 10% ice-cold aqueous N-chloro-N-sodionaphthalene-1l-sulphonamide (80 c.c.) immediately 
became turbid, and after an hour’s shaking a viscous sulphilimine separated. This hardened when the 
solution was left for a week in the refrigerator, and after four crystallisations from ethyl acetate had 
m. p. 102—103° (Found : C, 53-7; H, 4:8; N, 5-2. C,,H,,;0O,NS, requires C, 54-0; H, 4-9; N, 5-25%). 

Hydrolysis. The sulphilimine (0-25 g.) was refluxed for 30 minutes with dilute hydrochloric acid 
(5 c.c.). The solid deposited on cooling was recrystallised from hot water and had m. p. 150° alone or 
mixed with authentic naphthalene-a-sulphonamide. 


Dimethylsulphine-4-methyl-3-nitrobenzenesulphonylimine.—Dimethy] sulphide (1 g.) reacted almost 
immediately when shaken with aqueous 10% N-chloro-N-sodio-4-methyl-3-nitrobenzenesulphonamide 
(40 c.c.). After an hour’s shaking the su/philimine was filtered off, washed with water, and crystallised 
three times from chloroform-ligroin (b. p. 40—60°). The m. p. was then 120—121°, unchanged by 
recrystallisation from benzene-(Feund: C, 39-2; H, 42; N, 9-9; S, 23-1. C,H,,0,N,S, requires 
C, 39-2; H, 4-35; N, 10-1; S, 23-2%). 

Hydrolysis. The sulphilimine was hydrolysed with dilute hydrochloric acid as above. The 
sulphonamide so obtained had m. p. 143° alone or mixed with authentic 4-methyl-3-nitrobenzene- 
sulphonamide. 


Attempted Preparation of Diallylsulphinenaphthalene-\-sulphonylimine. Formation of N-Allyl-N- 
allylthionaphthalene-1-sulphonamide.—Allyl sulphide (3 g.) was slowly added with occasional shaking 
to ice-cold aqueous 10% N-chloro-N-sodionaphthalene-1-sulphonamide (100 c.c.). A heavy colourless 
oil (B) separated almost at once but no solid was formed. After the mixture had been shaken 
for 90 minutes and left for 2 days in the refrigerator, the oil (still no solid was present) was extracted 
with ether, and the solvent evaporated at room temperature. Some naphthalene-a-sulphonamide, 
m. p. 150°, together with a trace of naphthalene-f-sulphonamide, m. p. 213° (derived from contaminant 
in the sodium naphthalene-a-sulphonate), was removed by dissolving the oil in acetone—benzene. 
Evaporation of the solvent left a clear oil (4-5 g.). 


Hydrolysis. The oil (45 g.) was identified by hydrolysis with 25% aqueous sodium hydroxide 
(25 c.c.). Hydrogen sulphide and diallyl disulphide were evolved on acidification and carried into 
absorption tubes by a stream of nitrogen, as in the case of N-allyl-N-allylthiotoluene-p-sulphonamide. 
Extraction of the reaction mixture with ether gave orange crystals which, after decolorisation with 
charcoal and three recrystallisations from aqueous alcohol, had m, p. 81° alone or mixed with authentic 
N-allylnaphthalene-a-sulphonamide (see below) (Found : C, 62-9; H, 5-2; N, 6-0; S, 13-8. C,,;H,,0,NS 
requires C, 63-1; H, 5-2; N, 5-7; S, 13-0%). 

Attempted acid hydrolysis of freshly prepared diallylsulphinenaphthalene-a-sulphonylimine. A further 
quantity of oil (B) was freed from sulphonamide with cold 1% sodium hydroxide and extracted with 
chloroform, and the solvent evaporated in an air-stream at room temperature. After 10 minutes’ 
heating with hydrochloric acid the oil appeared unchanged and no sulphonamide was obtained on cooling. 
Under similar conditions, an allylsulphilimine would have been quickly hydrolysed. The specimen 
had therefore fully isomerised before this experiment. The liquefied diallylsulphinetoluene-p-sulphony]l- 
imine was also stable to hot hydrochloric acid. 


Diallylsulphine-4-methyl-3-nitrobenzenesulphonylimine.—Allyl sulphide (6 g.) was slowly added, with 
occasional shaking, to ice-cold aqueous 10% N-chloro-N-sodio-4-methyl-3-nitrobenzenesulphonamide 
(200 c.c.). A pale yellow precipitate quickly se ted. After 30 minutes’ shaking the solid was 
filtered off, washed with 1% sodium npdvuntde solution (50 c.c.) (to remove sulphonamide), then with 
water, and dried (10 g.). After three crystallisations from chloroform-ligroin (b. p. 40—60°), the 
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sulphilimine had the constant m. p. of 76—77°. Within 2 hours the m. p. began to fall owing to 
isomerisation. At the end of 3—4 days a clear oil had formed (Found, for a partly isomerised sample : 
C, 47-2; H, 51; N, 8-3; S, 20-1. C,,H,,O,N,S, requires C, 47-5; H, 4-9; N, 85; S, 195%). A 
little 4-methy]-3-nitroben Iphc ide (0-2 g.) was recovered from the alkaline wash-liquors. 

Hydrolysis. The sulphilimine (0-5 g.) was heated for a few minutes with hydrochloric acid (10 c.c.). 
A trace of oil —— The clear solution on cooling deposited 4-methyl-3-nitrobenzenesulphonamide, 
m. p. and mixed m. p. 142°, after one recrystallisation from water. 

Hydrolysis of N-Allyl-N-allylthio-4-methyl-3-nitrobenzenesulphonamide.—Owing to the decomposition 
which occurs when hot alkali acts on derivatives of p-nitrotoluene, milder conditions wereemployed. The 
liquefied sulphilimine (4 g.) was left for 12 hours at room temperature with 10% aqueous sodium 
hydroxide (25 c.c.). The reaction was completed by 10 minutes’ warming on the steam-bath. On 
acidification with hydrochloric acid under nitrogen, hydrogen sulphide and diallyl disulphide were 
evolved and trapped as before. Solid N-allyl-4-methyl-3-nitrobenzenesulphonamide which separated 
from the acidified reaction mixture was washed with water and recrystallised once from aqueous alcohol ; 
it had m. p. 70° alone or mixed with a specimen prepared as below (Found: C, 46-2; H, 4:7; N, 11-1; 
S, 12-8. C,,H,,0,N,S requires C, 46-8; H, 4:7; N, 10-9; S, 12-56%). 

Regeneration of the Sulphide from Dimethylsulphinetoluene-p-sulphonylimine.—The sulphilimine 
(1-0 g.) was warmed with tin and 2n-hydrochloric acid (30 c.c.) under reflux. The issuing gases were 

irated through (a) 4% mercuric cyanide solution and (6) 3% mercuric chloride solution. The 
sulphilimine dissolved and precipitates soon appeared in the mercuric chloride. No precipitate formed 
in the mercuric cyanide, showing absence of thiol. After about 45 minutes, when there was no further 
precipitation, the mercurichloride was separated, washed with water, and dried (1-5 g-: 95%). 
After three recrystallisations from benzene containing a little acetone, the m. p. was 157° alone or on 
admixture with authentic dimethyl sulphide mercurichloride. The hot reaction mixture, filtered from 
excess of tin, deposited a solid (0-5 g.) on cooling. After one recrystallisation from aqueous alcoho! this 
had m. p. 137° alone or mixed with toluene-p-sulphonamide. 

Regeneration of the Sulphide from rag A gay Nee om fe ne ge procedure was 
as described above, except that aspiration for 3—4 hours was required before sulphide evolution ceased. 
The sulphilimine (1-0 g.) yielded 0-8 g. (73%) of crude mercurichloride which, after two recrystallisations 
from alcohol, had m. p. 87° alone and 86-5—87-5° on admixture with authentic di-n-propy! sulphide 
mercurichloride. Them. p. of both samples of this mercurichloride was found to have risen after being left 
for a few days in corked tubes, presumably owing to loss of »-propyl sulphide (which could be recognised 
by its odour) and resultant conversion of Pr®,S,HgCl, into Pre,o 2HgCl,. These compounds are inter- 





convertible by means of suitable solvents (Faragher, Morrell, and Comay, J]. Amer. Chem. Soc., 1929, 
§1, 2774). 


Attempted Regeneration of the Sulphide from Diallylsulphinetoluene-p-sulphonylimine.—The freshly 


prepared sulphilimine (2 g.) was heated with tin and hydrochloric acid (50 c.c.) under reflux. The 
issuing gases were aspirated through a series of absorption tubes, the first two containing 10% sodium 
hydroxide, the others 10% aqueous chloramine-t. In a small-scale reduction, hydrogen sulphide was 
detected. After an hour the first tube of chloramine-t contained only a trace of precipitate, which 
gradually formed an oil. There was therefore no appreciable evolution of allyl sulphide. Addition of 
4% mercuric cyanide solution to the sodium hydroxide gave a white solid (0-15 g.; m. p. 69—72°). 
After two recrystallisations from ethyl acetate, this had m. p. 73° alone or mixed with the mercury 
derivative of prop-2-enethiol (Challenger and Greenwood, Biochem. J., 1948, 44, 87). Traces of an oil 
containing the same thiol were washed out from the condenser and characterised as before. The 
filtered reaction mixture deposited 0-8 g. of toluene-p-sulphonamide which on crystallisation from 
aqueous alcohol had m. p. and mixed m. p. 137°. 

Reduction of Allyl Sulphide.—Allyl — (0-5 g.) was warmed for 2 hours under reflux with hydro- 
chloric acid (50 c.c.) and tin (20 g.). e volatile Nae were aspirated through absorption tubes 
containing (1) 5% cadmium sulphate solution in n-su co acid to absorb hydrogen sulphide (Mapstone, 
J. Proc. Australian Chem. Inst., 1946, 18, 375), (2) 10% sodium hydroxide solution (2 tubes), (3) 4% 
mercuric cyanide solution, and (4) 3% mercuric chloride solution (3 tubes). A trap separated tubes 
(1) and (2). The precipitate in the mercuric chloride had the properties of the mercurichloride of allyl 
sulphide (see P- 1882). Formation of cadmium sulphide in tube (1) indicated hydrogen sulphide. 
Addition of 4% mercuric cyanide solution to the ium hydroxide produced in the first tube a buff 
precipitate of m. p. 72° (0-3 g.), raised by recrystallisation from alcohol to 73° (alone or mixed with the 
mercury derivative of prop-2-enethiol). 

Preparation of Reference Compounds.— p-Sulphamylbenzoic acid and its methyl ester. Toluene-p- 
sulphonamide (4 g.) was refluxed for 30 minutes with 6% aqueous potassium permanganate (200 c.c.). 
After decolorisation and acidification, excess of sodium hydrogen carbonate was added and the solution 
filtered from unchanged sulphonamide. Acidification of the filtrate gave the acid (3-7 g.), m. p. 283° 
(decomp.). 

The methyl ester, mee by means of diazomethane, had m. p. 181—182° (Found: C, 44-7; H, 
40; N,66. C,H,O,NS requires C, 44-7; H, 4-2; N, 6-5%). 

N-Allyitoluene-p-sulphonamide. When prepared by Wedekind’s method (Ber., 1909, 42, 3939) and 
crystallised twice from dilute alcohol this had m. p. 64—65°. 

N-Allylnaphthalene-a-sulphonamide. Naphthalene-a-sulphonyl chloride (2 g.), freed from the 
B-isomer by recrystallisation from light petroleum, was shaken for 8 hours with allylamine (0-5 g.) in 
2n-sodium hydroxide (50 c.c.). The product (0-8 g.) was precipitated with 6n-hy hloric acid and 
after two recrystallisations from aqueous alcohol had m. p. 81° (Found: C, 63-0; H, 5-00; N, 5-78; 
S, 13-6. Calc. for C,,H,,0,NS: C, 63-2; H, 5-24; N, 5-68; S, 13-0%). 








1882 Birch and Smith: 


N-Allyl-4-methyl-3-nitrobenzenesulphonamide. Prepared as was the a-naphthalene compound, by 
using the appropriate acid chloride, and recrystallised twice from aqueous alcohol, this amide had m. p. 
70° (Found: C, 46-5; H, 4-45; N, 10-6; S, 12-7. Calc. for C,,H,,0,N,S: C, 46-8; H, 4:7; N, 10-0: 
S, 12-5%). 

Diallyl sulphide mercurichloride. The sulphide (3 g.) was shaken for 3 hours with saturated aqueous 
mercuric chloride (500 c.c.). The precipitated salt was separated, washed with water and alcohol, and 
dried. It blackened at 170° without melting. Extraction with hot benzene removed mercuric chloride 
and traces ofasulphurcompound. The insoluble residue sintered at 125° and blackened at 180° (Found : 
C, 8-85, 8-7; H, 1-65, 1-8; S, 4-2, 3-8; Cl, 16-1. [(ClHg-CH,-CH(OH)-CH,),S-HgCl, requires C, 8-05; 
H, 1-35; S, 3-6; Cl, 15-9%). Treatment of the derivative with sodium hydroxide gave mercuric oxide 
but no odour. Addition of hydrochloric acid to the resulting mixture gave a strong odour of a sulphur 
compound. This is in accordance with the structure given. 


Addition of sodium hydroxide to the complex, separation of the mercuric oxide, and treatment of 
the alkaline solution with carbon dioxide precipitated a white solid. This sintered at 186° and blackened 
at 200°. It was crystallised from boiling xylene but could not be purified. The content of C, H, S, and 
Cl approximated to that required by [CIHg-CH,-CH(OH)-CH,),S. For the production of analogous 
compounds from ethylene and propylene see Hofmann and Sand, Ber., 1900, $3, 1340, 2692; Sand and 
Hofmann, ibid., p. 1353; and Sand and Genssler, ibid., 1903, 36, 3699. 


The authors thank the Royal Society and Imperial Chemical Industries Limited for grants, and 
Dr. J. O. Smith for carrying out the reaction between diallyl sulphide and mercuric chloride. 
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415. Hydroaromatic Steroid Hormones. Part II.* Some 
Hydrochrysene Derivatives. 


By ARTHUR J. BrrcH and HERCHEL SMITH. 


Some hydrochrysene derivatives substituted in the 3:10- or 4: 10- 
positions by methoxyl, carbonyl, or hydroxyl, were prepared in an endeavour 
to obtain compounds. with androgenic activity. Some stereochemical 
problems are discussed. Applications are described of the phosphoric 
anhydride—phosphoric acid reagent to some cyclisation reactions. 


THE 10-nortestosterone (1) prepared in Part I * has been shown to possess marked androgenic 
activity (Dodds, Lawson, and Simpson, personal communication), thus demonstrating that 
a steroid hormone of a type possessing high structure-specificity can retain much of its activity 
if the angular methyl] group attached to C,,9, is missing. The further suggestion made in Part I 
that activity may be retained in the absence of the methyl attached to C,,,,, if ring D is six- 
membered, is now to be tested. The synthesis of appropriate compounds starting from natural 
steroids would be difficult, and we are attempting to make by total synthesis the hydrochrysene 
derivative (II) in the racemic form, but with the correct alternating trans-configurations at the 
asymmetric centres. The present communication deals with some aspects of the formation of 
the correctly substituted ring system, and with some stereochemical problems. 


(IV.) (V.) (VI.) 


The af-unsaturated ketone system of ring a in (II) could conveniently be made as recorded 
in Part I (loc. cit.) by the reduction, with sodium and alcohol in liquid ammonia, of a phenol 


* Part I, J., 1950, 367. 
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ether (III) to the dihydro-derivative (IV), followed by hydrolysis with acid to the #y-un- 
saturated ketone (V) and conversion of this into the more stable af-unsaturated ketone (VI) 
by the action of sodium ethoxide. The steric configuration of the hydrogen atom attached 
to the a-B ring-junction is therefore determined during the bond-migration. Whether this 
configuratien is a or B is not known in the case of nortestosterone (I), and although the point 
is of no practical importance since (I) is physiologically active, the evidence so far available 
is of interest for its bearing on the general case. 

The crystalline 10-nortestosterone (I) can be formed in 75—80% yield in the bond-migration 
reaction (Birch, unpublished) and is evidently the isomer of lower energy-level because the 
reaction occurs under conditions of reversible proton addition; the expectation is therefore 
that the C,,9,-H will be trans to the C,»,-H, i.e., will be 8. This assumption is supported by the 
known facts about bond-migration in the steroid nucleus, where the hydrogen of a newly- 
formed asymmetric centre is usually found to be trans to the hydrogen atom or methyl group 
at the nearest ring-junction. Optical rotation data are inconclusive. The #y-unsaturated 
precursor of nortestosterone has M, +460° (in chloroform), compared with + 205° for “ « ”’- 
cestradiol; and 10-nortestosterone has M, + 184°, compared with + 296° for testosterone 
itself. A change in configuration of the C,,9-methyl group from 8 to « is usually accompanied 
by a marked increase in M,, but the compounds so far examined have all been highly un- 
saturated in the vicinity of the asymmetric centre, and in any case the effect of replacing 
methyl by hydrogen is not known. The figures above are not inconsistent with the assumption 
of the $ configuration at C,,», in the nortestosterone; the compound is being examined by 
X-ray methods. 

One outstanding problem associated with the production of (II), with the hydrogen atoms 
at the ring-junctions in the correct alternating «- and §-configurations, is the orientation of 
the junction B-c, and it was hoped to find a stereospecific reaction which could be assumed 
with reasonable certainty in unknown cases to lead to the stable ¢vans-configuration, as in the 
formation of the stable trans-ethylenes by the reduction of acetylenes with sodium in liquid 
ammonia. Reduction, by dissolving metals, of steroids containing a double bond terminating 
at a ring-junction is known to lead to the tvans-isomer, but little evidence is available as to the 
reduction of a bond between two rings. Heer and Miescher (Helv. Chim. Acta, 1947, 30, 777; 
cf. Shoppee, Ann. Reports, 1947, 44, 200) reduced “ « ’’-monodehydrodoisynolic acid by means 
of sodium and liquid ammonia, obtaining a poor yield of a mixture of the two possible 7-methyl- 
doisynolic acids with a trans-c—p-ring-junction. To obtain further information about such 
reductions the preparation of (VIII) and its reaction with sodium have been carried out. 

Methyl 6-m-methoxyphenylpropionate and powdered sodium in toluene gave in good yield 
the acyloin (VII) (written for convenience in the enol-form) which underwent double cyclisation 
by the action of phosphoric anhydride in phosphoric acid to form 1 : 2:7 : 8-tetrahydro- 
4: 10-dimethoxychrysene (VIII). The acyloin condensation appears to have been carried 
out only with aliphatic esters (e.g., Hansley, J. Amer. Chem. Soc., 1935, 57, 2303), but the 
present example supports the assumption that it should be applicable to any esters which do 
not contain easily reducible groups. The formulation of (VIII) is supported by its close 
resemblance to the compound prepared by Salzer (Z. physiol. Chem., 1942, 274, 39), by the 
ready removal of four hydrogen atoms by sulphur, and by the reductions described below. 

The action of sodium and butanol, or sodium and liquid ammonia, on (VIII) caused the 
addition of two hydrogen atoms to form a mixture of the two 1: 2: 7:8: 14: 17-hexahydro- 
4 : 10-dimethoxychrysenes-a and -b of Ramage and Robinson (J., 1933, 607; Lewis, Ramage, 
and Robinson, J., 1935, 1412) which were separated by chromatography on alumina. The 
isomer-a, m. p. 185°, was identified by direct comparison with an authentic specimen, kindly 
supplied by Dr. R. H. Jaeger. It very probably has the trans-c—p-ring-junction by analogy 
with the higher-melting hexahydrochrysene (Ramage and Robinson, /oc. cit.\, and may be 
formulated as (IX).* The results are disappointing in that there is little stereospecificity in 
the reduction, although the isomer-a is formed in somewhat greater amount than isomer-b. 

It was found possible to reduce further the two hexahydrodimethoxychrysenes by the 
action of potassium and methanol in liquid ammonia, using a mixture of ether and dioxan to 
assist the process by keeping the substances in solution. Acid hydrolysis of the products 
gave rise to 1:2:4:5:6:7:8:10: 11:12:13: 14: 16: 17-tetradecahydro-4 : 10-diketo- 

* This, and other formule for (+)-compounds, imply also the presence of the enantiomer. For 
these formule and for the consequent nomenclature, the configuration at C,,,, of the hydrochrysene 


skeleton has been arbitrarily taken as a, although of course an equal amount of C,,-8-compound is 
present in the (+)-compounds. 
6F 
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chrysene in stereoisomeric forms, e.g., probably (X) * from the isomer-a. Each of the hexa- 
hydrodimethoxychrysenes-a and -b is capable of producing three (+)-tetradecahydrodiketo- 
chrysenes, but the product from the isomer-a appeared to be homogeneous and showed no 
evidence of separation on alumina. The product from isomer-b gave a series of fractions of 


(VII.) (IX.) 


H Nome /\NoMe H. (‘Nome 
7 Oi on x) me A) a 
oe 


Me, {CH,],"Ph 


(XVIT.) (XVIII) 


slightly differing melting points on chromatography and is probably a mixture. The ¢trans- 
hexahydrochrysene (IX) has-a centre of symmetry, so in the single reduction product derived 
from it the same steric relationships should exist between the hydrogen atoms attached to 
C,,3, and C,44, as between those attached to C,,,, and C,,,), 7.e., the product should be either the 
13: 14a: 168 : 178 or the 136 : 14a : 16a: 178 (X), probably the latter since this has the greater 
number of hydrogens trans to each other. Inspection of models supports the assumption 
that (X) should have the lower energy level. A decision in the nortestosterone case would be 
helpful here. The compound obtained was tested for androgenic activity, but possesses none 
(Dodds, Lawson, and Simpson, personal communication). This inactivity is disappointing in 
view of its resemblance to the compound (XI) of Wilds, Shunk, and Hoffman (J. Amer. Chem. 
Soc., 1949, 71, 3266) which is weakly androgenic. 

Our first attempt to prepare (II) has been by reduction of (XII) with sodium and ethanol 
in ammonia in the hope of saturating the unsaturated ketone system and adding four hydrogen 
atoms to rings a and B in a manner analogous to the reduction of 2-methoxynaphthalene to 
1: 4:5: 8-tetrahydro-2-methoxynaphthalene (Birch, Murray, and Smith, in the press). This 
process in fact led to the reduction of ring a but not of ring B. The resistance of the latter is 
not surprising because after reduction of ring a there are four saturated carbon atoms attached 
to ring B (cf. Quart. Reviews, 1950, 4, 69), and «8-reduction must take place in at least one 
occupied position. 

The synthesis of (XII) which we have carried out takes advantage of some model reactions 
already briefly reported (Birch, J., 1950, 1551). Potassamide in liquid ammonia reacts 
with (XIII; R = H) to give (XIII; R = K), which is converted by 2-phenylethyl bromide 
into (XIII; R = CH,°CH,Ph). This enol ether has now been hydrolysed by acid to (XIV; 
R = CH,°CH,Ph), which was converted (cf. Schlittler and Robinson, J., 1935, 1288) into 
1:2:3:4:9: 10-hexahydro-4-ketophenanthrene (XV). The best reagent for the purpose was 
a solution of phosphoric anhydride in phosphoric acid. The compound (XV) has already been 
made by Johnson and Petersen (J. Amer. Chem. Soc., 1946, 68, 1928), but the present method 
is simpler and gives a product which can be crystallised immediately. 

Extension of the process to 2-(6-methoxy-l-naphthyl)ethyl bromide gave rise to [XIII; 
R = 2-(6-methoxy-1l-naphthyl)ethyl], the yield being 86% based on the bromide if a con- 

* We are informed in a personal communication from Dr. R. H. Jaeger (Oxford) that she has also 
made this compound in a similar manner. 
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siderable excess of 1: 5-dimethoxycyclohexa-1:4-diene (XIII; R= H) was used. The 
product was hydrolysed to (XIV) and this was cyclised as above to 1:2:3:4:5: 6-hexa- 
hydro-3-keto-10-methoxychrysene (XII). The properties of this substance agree with those 
recorded by Robinson and Thompson (J., 1939, 1739) who prepared it by a more difficult 
route. Robinson and Thompson were unable to hydrogenate the double bond of the un- 
saturated ketone system when using a palladium catalyst, and although we have found that 
the addition of alkali caused hydrogen to be absorbed the carbonyl group was preferentially 
hydrogenated. Reduction of (XII) with potassium and methanol in ammonia and chromato- 
graphy of the product produced mostly gummy fractions, but small amounts of two crystalline 
substances were isolated; one obtained in larger amount appears to be a stereoisomer of 
1:2:3:4:5:6:9: 12: 15: 16-decahydro-3-hydroxy-10-methoxychrysene (XVI). Acid 
hydrolysis of the crude reduced product, obtained as above or by reduction with sodium and 
ethanol (Cornforth, Cornforth, and Robinson, J., 1942, 689), produced a gum which showed 
all the reactions of a derivative of 8-tetralone. It readily gave rise to a bisulphite compound, 
and produced with sodium methoxide in methanol in the presence of air a deep blue colour 
converted into red by acidification. After regeneration from the bisulphite compound part 
of the gummy material crystallised to yield one isomer of 1: 2:3:4:5:6: 9:10:11: 12: 16: 17- 
dodecahydro-3-hydroxy-10-ketochrysene (XVII). 

From these results it is evident that compounds in which rings a and B are aromatic are 
not feasible starting materials for compounds of type (II). Work is in progress with the object 
of making (II) from compounds containing a reduced B-ring. 

Compounds related to (XII), but containing ah angular methyl group in the equivalent of 
the steroid C,,3-position (cf. I) would be of interest. Attempts were accordingly made to 
prepare (XVIII) by the action of 2-phenylethyl bromide on the potassium salt of (XIII; 
R = Me) and by the action of methyl iodide on the salt of (XIII; R = CH,°CH,Ph), but 
neither succeeded. The reason for the failure of the alkylation probably lies in the non- 
formation of the potassium salt owing to the reduced acidity of (XIII; R = alkyl) compared 
with that of (XIII; R =H); this assumption is supported by the fact that there is little change 
in the colour of the pale yellow potassamide solution on the addition of the substance, in contrast 
to the deep red-brown obtained with the unalkylated derivative. 

Solutions of phosphoric anhydride in phosphoric acid are often valuable cyclising reagents. 
They have already been proposed as general reagents for the cyclisation of y-arylbutyric acids 
and some arylpropionic acids to the tetralone or hydrindone, ¢.g., 8-m-methoxyphenylpropionic 
acid gave 5-methoxyindanone, y-phenylbutyric acid gave 1:2: 3: 4-tetrahydro-1-keto- 
naphthalene, and a more complicated analogue of the latter could be cyclised in no other way 
(Birch, Jaeger, and Robinson, J., 1945, 582). The formation of six-membered rings occurs 
rapidly and in very good yields (85—95%) under appropriate conditions; that of five-membered 
rings is more difficult and good yields are obtained only when activating groups such as 
methoxyl are present. The present and other work shows that cyclodehydration of aryl 
ketones to give compounds with six-membered rings occurs readily and the products are very 
clean. The reaction mixture can be worked up simply by dilution with water and extraction 
or filtration. The time required is short (5—60 minutes) and the conditions can be varied by 
altering the time, concentration, and particularly the temperature to suit each case. In the 
event of non-reaction the starting-material is recovered. In all cases tried so far it is superior 
to sulphuric acid, phosphoric anhydride in benzene or toluene, and in some cases to hydrogen 
fluoride. Recently, Snyder and Werber (J. Amer. Chem. Soc., 1950, 72, 2962, 2965) have 
described some similar cyclisations using ‘‘ polyphosphoric”’ acid; presumably this reagent 
is of the same nature as that reported above. 

s 
EXPERIMENTAL. 

The alumina used is designated as follows: Type A, Spence H. Type B, British Aluminium Co. 
“ burntisland ” alumina, activated at 360° for 3 hours. Type C, the same as type B, but submitted 
to preliminary acid washing. M. p.s are uncorrected. 

1:2: 7: 8-Tetrahydro-4 : 10-dimethoxychrysene (VIII).—Sodium (2-43 g., 4 atoms) was melted 
under toluene (80 c.c.) in a nitrogen atmosphere. e solvent was refluxed in an oil-bath at 115° and 
methyl £-m-methoxyphenylpropionate (10 g.) in toluene (15 c.c.) added during 30 minutes with vigorous 
stirring. After a further 30 minutes, methanol (2 c.c.) was added to decompose any remaining sodium, 
the mixture cooled to 80°, and water (30 c.c.) added. The toluene layer was separated, washed with 
water, and dried, and the solvent removed under reduced pressure in a stream of nitrogen. The viscous 
residue (8-1 g.) could not be crystallised; it reduced Fehling’s solution and gave rise by the standard 
method to 1 : 6-di-m-methoxyphenylhexane-3 : 4-dione osazone as yellow needles which, crystallised 
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from acetic acid, had m. p. 138—138-5° (Found: C, 75-85; H, 6-0; N, 11-2. H,,0. uires 
C, 15-9; H, 67; N, 11-19). ons 

A mixture of orthophosphoric acid (9 c.c.) and phosphoric anhydride (6 g.) at 60° was added to the 
acyloin (0-8 g.), the solution becoming purple-brown. After 20 minutes at 70° water (100 c.c.) was 
added, the organic material taken up in ethyl acetate, washed with sodium hydroxide solution (10%), 
and dried, and the solvent seneve. The crystalline residue (0-7 g.) was recrystallised from ethyl 
acetate to give 1: 2:7: 8-tetrahydro-4 : 10-dimethoxychrysene (0-52 g.), m. p. 172—173° (Found : 
C, 81-9; H, 6-8. Calc. for CyH,,O,: C, 82-2; H, 685%). Salzer (loc. cit.) gives m. p. 164°. The 
trinitrobenzene complex separated from ethanol in dark purple needles, m. p. 172—173° (decomp. ; rapid 
heating) [Found: C, 54-0; H, 3-7; N, 11-9. Cy Hy O,,2(C,H,O,N;) requires C, 53-5; H, 3-6; N, 
11-7%). A picrate was formed as almost black prisms, but could not be recrystallised without 
decomposition, and decomposed at about 130°. 


The tetrahydrochrysene (297 mg.) was heated with sulphur (72 mg., followed after 1 hour by 30 
mg.) at 180—230° during 2 hours. The product was extracted with boiling toluene (3 x 200 c.c.) and 
filtered through ‘‘ Hyflo Supercel,’’ and the solvent removed under reduced pressure to leave a crystalline 
residue. This crystallised from toluene to give 4: 10-dimethoxychrysene (280 mg.), m. p. 273—275° 
(Found : C, 83-3; H, 5-85. C,.H,,O, requires C, 83-3; H, 5-6%). 


1:2:7:8: 14: 17-Hexahydro-4 : 10-dimethoxychrysene-a and -b (IX).—(i) Sodium (11-6 g.), in 
small pieces, was slowly added to a boiling solution of 1 : 2: 7 : 8-tetrahydro-4 : 10-dimethoxychrysene 
(1-685 g.) in n-butanol (350 c.c.) and followed after 1 hour by more sodium (5-6 g.). After complete 
dissolution of the sodium (2 hours) the mixture was cooled and water (100 c.c.) added. The organic 
material was taken up in ethyl acetate (700 c.c.), which was washed with water and concentrated to 
500 c.c. From this solution there separated crystalline material A (0-91 g.), m. p. 168—171° (Found: 
C, 81-6; H, 7-3. Calc. for C,H,,O,: C, 81-6; H, 75%). On concentration of the mother-liquor, 
a substance B (201 mg.), m. p. 160—165°, was obtained; evaporation to dryness then left a gum. 
Substance A, in benzene (250 c.c.)—light petroleum (b. p. 60—80°; 250 c.c.), was passed through a 
column of alumina, t B (250 g.). The column was developed with the solvent mixture (1250 c.c. 
and then eluted by adding increasing proportions of benzene until finally pure benzene was used. The 
eluate was divided arbitrarily into fractions (50 c.c.) which were evaporated under reduced pressure. 
The earlier fractions contained mostly 1:2:7: 8:14: 17-hexahydro-4: 10-dimethoxychrysene-b 
(277 mg.), m. p. 145—147°, the middle fractions were a mixture, and finally the isomer-a (350 mg.), 
m. p. 185°, was obtained. 


(ii) 1: 2: 7: 8-Tetrahydro-4 : 10-dimethoxychrysene (500 mg.) in dioxan (15 c.c.)-ether (50 c.c.) 
was added to sodium (1 g.) in ammonia (130c.c.). After 3 minutes, ammonium chloride (3 g.) discharged 
the colour, water (100 c.c.) was added, and the organic product extracted with 1 : 1 ether—ethyl acetate 
(3 x 50c.c.). The product C (194 mg.), crystallised from glacial acetic acid, had m. p. 153—157°. The 
mother-liquor yielded further material D, m. P- 130—135° (66 mg.). The product C gave with trinitro- 
benzene a yellow complex, m. p. 172—-174°, but the product D gave a trinitrobenzene complex which 
was purple and therefore contained unreduced material. Product C was chromatographed as above 
on alumina, type B (100 g.), to give 1:2:7:8: 14: 17-hexahydro-4: 10-dimethoxychrysene-b (30 
mg.), m. p. 146—147°, and the isomer-a (65 mg.), m. p. 185°, undepressed by an authentic specimen 
(m. p. 183—184°) prepared by Ramage and Robinson's method (loc. cit.) (Found: C, 82-0; H, 7-2. 
Calc. for C,,H,,0,: C, 81-6; H, 7-5%). The trinitrobenzene complex of isomer-a crystallised as yellow 
prisms (from ethanol), m. p. 187—188° (decomp.) [Found: C, 53-8; H, 42; N, 11:3. 
CypH,,0,,2(C,H,O,N;) requires C, 53-3; H, 3-9; N, 11-7%]. 

1:2:4:5:6:7:8:10: 11:12: 13(?) : 14a: 16(?) : 17B-Tetradecahydro-4 : 10-diketochrysene.—The 
above isomer-a (300 mg.) in pure dioxan (40 c.c.), pure ether (160 c.c.), and absolute ethanol (16 c.c.) 
was added to ammonia (800 c.c.), and followed by potassium (8 g.) in small pieces. Water (200 c.c.) 
was then added and most of the ammonia evaporated, finally under reduced pressure. The product 
was taken up in ethyl acetate (200 c.c.), and after evaporation of the solvent the partly crystalline solid 
was heated under nitrogen on the steam-bath with 2Nn-sulphuric acid (10 c.c.) for 30 minutes. The 
organic material was taken up in ethyl acetate, which was washed and dried, and the solvent was 
removed. The residue in benzene (20 c.c.) was chromatographed on alumina, type C (50 g.), the 
chromatogram being developed with benzene and eluted with benzene containing an increasing pro- 
portion of ethyl acetate. The eluate was divided arbitrarily into fractions (50 c.c.) which were tested 
with Brady’s reagent. The earlier fractions contained traces of ketonic material, but separation was 
mot complete, only the later fractions giving a pure crystalline ketonic product consisting of 
1:2:4:5:6:7:8:10: 11:12:13: 14: 16: 17-tetradecahydro-4 : 10-diketochrysene, m. p. 210—228° 
din air), 233—235° (in a vacuum) (Found: C, 79-9; H, 81. ©C,,H,,.O, requires C, 80-0; H, 8-1%). 
Rechromatography of the first fractions gave more of the same material (13 mg.). The light absorption 
at Amax. 2400—2420 (Emax. 35,000), 3070—3100 A. (€max. 178), is in accordance with the postulated structure, 
and may be compared with that of 10-nortestosterone containing only one chromophore (Part I, Joc. 
cit.), Amax. 2400—2415 (Emax. 17,000), 3075 A. (Emax. 92-5). 


1:2:4:5:6:7:8: 10:11:12: 13(?): 14a: 16(?) : 17a-Tetradecahydro-4 : 10-diketochrysene.—The 
above isomer-b (274 mg.; m. p. 145—147°), reduced as above and peer on alumina, type 
B (50 g.), gave first a non-ketonic gum (82 mg.) followed by crystalline material (25 mg.), m. p. 229— 


232° (in a vacuum; preliminary softening) (Found: C, 80-25; H, 83. C,,H,,O, requires C, 80-0; 
H, 81%), Amax. 2430—2435 A. (€max 29,500). Another product (10 mg.), possibly a stereoisomer, m. p. 
209—211° (in a vacuum), was obtained from the later fractions of the chromatogram (Found : C, 79-65; 
H, 8-2%), Amax. 2425—2435 A. (emax. 29,500). 


Reduction of 1: 2: 7: 8-Tetrahydro-4 : 10-dimethoxychrysene.—Reduction of the substance (200 mg.) 
with potassium and ethanol in ammonia, as above, followed by acid hydrolysis and chromatography 
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on alumina, type B (50 g.), gave in the earlier fractions a mixture of the hexahydrodimethoxyc es-a 
and -b (93 mg.) and in the later fractions 1:2:4:5:6:7:8:10: 11: 12: 13(?): l4a: 16(?): 17£- 
tetradecahydro-4 : 10-dimethoxychrysene (25 mg.), m. p. 232—235° (vac.). The mother-liquor gave 
— amount of substance (4 mg.), m. p. 209—-212° undepressed by the material above (m. p. 209— 

» 

2-2’-Phenylethylcyclohexane-1 : 3-dione.—1 : 5-Dimethoxycyclohexa-1:4-diene (Birch, J., 1947, 
102) (7-0 g.) and potassamide (from the metal, 2 g.) in ammonia (100 c.c.) were left for 10 = 
and 2-phenylethyl bromide was slowly added with stirring until the red colour was discharged. Water 
(100 c.c.) was added, and the product taken pty ether and distilled, giving | : 3-dimethoxy-2-2’-phenyl- 
ethylcyclohexa-3 : 6-diene (5-9 g.), b. P- 163—164°/2 mm. or 152—154°/1 mm. (Found: C, 79-2; H, 8-2. 
C,,.H,,O, requires C, 78:7; H, 83%). This substance (1 g.) was heated on the steam-bath for 20 
minutes with 2N-sulphuric acid (4 c.c.) and extracted with ether (3 x 10 c.c.), and the ethereal solution 
shaken with small portions of sodium hydroxide solution (10%) until acidification gave no further 
recipitate. The crystalline solid so obtained was removed by filtration and crystallised from 1:1 
vol.) ethyl acetate-light petroleum (b. p. 60—80°), to form colourless prisms of 2-2’- nd tee 
hexane-1 : 3-dione (0-72 g.), m. p. 147—148° (Found: C, 78-3; H, 7-7. Calc. for CilnOe: € 
H, 7-4%). 

1:2:3: 4:9: 10-Hexahydro-l-ketophenanthrene.—The above diketone (1 g.) was added as a fine 
— to a stirred mixture of orthophosphoric acid (3 c.c.) and phosphoric anhydride (4 g.) at 120°. 

ne temperature was raised to 160° and kept there for 45 minutes, the mixture was cooled, water (100 

c.c.) was added, the product extracted with ether (4 x 50 c.c.), and the extract dried and evaporated. 
The oil (0-87 g ) so obtained crystallised on the addition of a little light petroleum (b. p. 40—60°), to 
give 1: 2:3: 4:9: 10-hexahydro-l-ketophenanthrene as prisms, m. p. 48—49° (Found: C, 85-3; H, 
7-1. Calc. for CHO: C, 84-8; H, 7-1%). Johnson and Petersen (loc. cit.) give m. p. 49—49- 5° for 
material purified through the semicarbazone. The 2: 4-dinitrophenylhydrazone formed dark purple 
needles (from toluene), m. p. 262—263° (Found: C,/63-8; H, 46; N, 144. C,,H,,0O,N, requires 
C, 63-5; H, 4:8; N, 148%). In agreement with Johnson and Petersen the oxime had m. p- i41—142° 
and the semicarbazone, m. p. 250—251°. 

1:2:3:4:5: 6-Hexahydro-3-keto-10-methoxychrysene.—1 : 5-Dimethoxycyclohexa-1:4-diene (44-5 
g.) was stirred into potassamide (from the metal, 3-6 g.) dissolved in liquid ammonia (500 c.c.). 
After 8 minutes a solution of 1-2’-bromoethyl-6-methoxynaphthalene (14-5 g.) in ether (100 c.c.) was 
added with stirring during 10 minutes. Water (400 c.c.) was then added, the product extracted with 
1: 1 ether—ethyl acetate (100 c.c.; 3 x 50 c.c.), and the extract washed, dried, and evaporated under 
reduced pressure in a stream of nitrogen. The oil was hydrolysed under nitrogen with 2n-sulphuric 
acid (30 c.c.) for 25 minutes on the steam-bath. A solution of the product in ethyl acetate was shaken 
with portions (10 c.c.) of sodium hydroxide solution (10%) until acidification gave no further precipitate. 
The crude product separated on acidification as an oil which rapidly solidified. It was removed by 
filtration, washed with water followed by a little ethanol, and crystallised from ethyl acetate (2 vols.)— 
light petroleum (b. p. 40—60°; 1 vol.) to give 1-[2-(1: ee ee ee, 
a fe 2-5 g.) as pala ~a04 needles, m. p. 172—174° (Found: C, H, 6-9. Calc. for C,,H,,0, : 

77-0; H, 68%). Concentration of the eo or yielded ry ficken amount (1-55 g.) of the 
seatans (total yield, 86% based on the bromide) inson and Thompson (loc. cit.) give m. p. 170— 
172° and Chuang, Tien, and Huang (Ber., 1937, 70, 858) give m. p. 168—170°. 


The above product (2-2 g.) was finely powdered and to it was added a mixture of orthophosphoric 
acid (9 c.c.) and teeny vate anhydride (9 g.) at 100°. The dark red solution was kept at 95—100° for 
15 minutes and then poured into water (50 c.c.). The organic material was taken up in ethyl acetate, 
(400 c.c.), the solution washed with dilute aqueous sodium hydroxide, and dried, and the solvent 
removed under reduced pressure. The solid residue was crystallised from ethanol to give 1: 2:3: 4:5: 6- 
ne, H. 676, Cake, be CLO (1- 53 &) as slightly yellow =, m. p. 177—178° (Found : 
C, 82-0; H, 675. Cale. for C,,H,,0,: 82-0; H, 6- nae he 2: 4-dinitrophenylhydrazone 
crystallised as reddish-purple prisms from ethyl acetate, m. p. 284 

1:2:3:4:5:6:9: 10:11:12: 15: 16-Dodecahydro-3- hein) Sb Dibeiiebiindeistl (Cf. Cornforth, 
Cornforth, and Robinson, Joc. cit.) Hexahydroketomethoxychrysene (500 mg.) in ethanol (70 c.c.) was 
heated to boiling and sodium (3 g.) added slowly in small pieces. After the metal had dissolved, water 
(40 c.c.) and concentrated hydrochloric acid (40 c.c.) were added and the mixture was heated on the 
steam-bath for 15 minutes with agitation. Water (100 c.c.) was then added and the product extracted 
with 1:1 ether-ethyl acetate. e gummy substance obtained by evaporation of the solvents was 
taken up in ethyl acetate (3 c.c.), shaken with saturated sodium hydrogen sulphite solution for 2-5 
hours and then left for 36 hours. The solid product was centrifuged, washed with ether, filtered, 
suspended in water (25 c.c.), and decomposed with N-sodium carbonate (50 c.c.). The product (110 
mg.) was a gum which dissolved in is ropanol (1 c.c.), and on being left overnight depcsited crystals 
(25 mg.) of 1:2:3:4:5:6:9:10:1 ne 15 : 16-dodecahydro-3-hydroxy-1-ketochrysene, m. p. 145— 
147° (Found: C, 80-15; H, 8-4. C,sH,,O, requires C, 80-0; H, 8-15%). It gave a yellow precipitate 
with Brady’s reagent and a deep blue co jour with sodium methoxide in methanol. 


(ii) The hexahydroketomethoxychrysene (1-00 g.) in dioxan (12 c.c.)-ether (100 c.c.)—methanol 
(16 c.c.) was added to ammonia (500 c.c.) to give a clear yellow solution. Potassium (8-5 g.) was added 
in small pieces with stirring, followed by water (500 c.c.) when the colour had disappeared. The gummy 
re see: was taken up in ethyl acetate, hydrolysed with 2n-sulphuric acid, and converted into the 

isulphite compound as above. The gum (250 mg.) obtained from this deposited the dodecahydro- 
hydroxyketochrysene (61 mg.) when dissolved in isopropanol. 

1:2:3:4:5:6:9:12: 15: 16-Decahydro-3-hydroxy-10-methoxychrysene.—1 : 2:3 :4: 5: 6-Hexa- 
hydro-3-keto-10-methoxychrysene (800 mg.) was reduced with potassium and methanol in ammonia 
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as recorded in (ii) above. The product was taken up in ethyl acetate (5 c.c.)—light petroleum (b. p. 
60—80°; 5 c.c.) and absorbed on a column of alumina, type B (100 g.). The chroma’ was 
developed with the solvent mixture (250 c.c.), then with an increasing proportion of ethyl acetate, and 
finally with pure ethyl acetate. The eluate was arbitrarily divided into fractions (50 c.c.) each of which 
was ay png to dryness to give a series of gums, all of which gave a yellow ipitate with Brady’s 
reagent but no tetralone blue reaction with methanolic sodium methoxide. After treatment with acid, 
a test portion of each did give a tetralone blue and it is evident that they all contain a tetralone enol 
ether grouping. Addition of ethyl acetate to the fractions caused some of them to crystallise to form, 
in the order of elution : (A) (21 mg.), te 2 152—155° (Found: C, 79-7; H, 9-2%), Amax. 2740—2750 a. ; 
(B) (10 mg.), m. P: 118—113° (Found: C, 79-9; H, 8-9%); and (C) (89 mg.) m. p. 155—158° which 
appears to be 1:2:3:4:5:6:9: 12:15: 16-decahydro-3-hydroxy-10-methoxychrysene (Found: C, 
80-0; H, 8-9. C,,H,,O, requires C, 80-3; H, 8-5%). 

Attempted Methylation of 1 : 3-Dimethoxy-2-2’-phenylethylcyclohexa-3 : 6-diene.—The dimethoxy- 
phenylethylcyclohexadiene (4:8 g.) was treated with potassamide (from the metal, 1-68 g.) in liquid 
ammonia, followed by an equivalent amount of methyl iodide. The product, worked up as in the original 
pre tion of the substance, was hydrolysed with 2N-sulphuric acid to give mainly the alkali-soluble 
cyclohexanedione corresponding to unchanged starting material. The small amount of neutral product 
gave no ketonic material after treatment with the phosphoric oxide—phosphoric acid reagent. Similarly 
1 ; 3-dimethoxy-2-methylcyclohexa-3 : 6-diene, obtained by the reduction of 2-methylresorcinol 
dimethyl] ether, was treated by the same procedure with potassamide and 2-phenylethyl bromide, giving 
almost entirely methylcyclohexanedione corresponding to unchanged starting material. 


Absorption spectra are by Dr. R. N. Haszeldine. : 


This work was carried out during the tenure of the Smithson Research Fellowship of the Royal 
Society (A. J. B.) and of a maintenance grant from the D.S.I.R. (H. S.). The authors are grateful to 
the Nuffield Foundation for financial assistance, to Messrs. CIBA, Basle, for a gift of chemicals, and to 
Dr. L. P. Ellinger for some helpful discussions. 
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416. The Constitution of Lanceol. 
By A. J. Brrcn and (Miss) A. R. Murray. 


The formula (I; R’ = OH) is assigned to the chief constituent of lanceol 
on the basis of its known reactions and of its reduction to §-bisabolene (I; 
R’ = H) with sodium and ethanol in liquid ammonia; the structure (III) 
for its principal ozonolysis product is confirmed by synthesis. 


PUBLISHED evidence (cf. Ann. Reports, 1950, 47, 194) can be used to deduce structure (I; 
R’ = OH) for the sesquiterpene alcohol lanceol. Through the kindness of Professor Sir John 
Simonsen, F.R.S., and Dr. L. N. Owen it has been possible to confirm this formula experimentally. 

Lanceol, C,;H,,O, is known (Bradfield, Francis, Penfold, and Simonsen, J., 1936, 1619; 
Owen, J., 1949, 1582), to be a primary alcohol containing the group ‘CMe*CH,*OH because 
ozonolysis gives rise to hydroxyacetone; the allylic nature of the alcohol is further attested 
by a considerable loss of oxygen on mild catalytic hydrogenation. The other products of 
ozonolysis are formaldehyde (indicative of a ‘CH, group which has now been further confirmed 
by the presence of very marked infra-red absorption bands at 6-06 and 11-25 yu.) and an acid, 
C,,H,,0;, to which no certain formula could be assigned. This acid is dibasic and contains 
a hindered carbonyl group conjugated with a double bond; the absorption at ,,,,. 239 mu. 
is consistent with «8-substituents on the double bond. Further ozonolysis leads to the known 
acid (IV), and the formula (III) best accords with its properties, including the optical inactivity 
which results from the position of the original asymmetric centre adjacent to the carbonyl 
group. The unstable anhydride obtained by Simonsen et al. is probably the dilactone corre- 
sponding to the hydrated form of the carbonyl group. The acid (III) must result, under the 
alkaline conditions of oxidation, from the acid formed from the primary ozonolysis product 
(II). The formula (III) has been confirmed by the synthesis shown below, the direction assumed 
for the cyclisation in the course of the Robinson—Mannich reaction being based on a number 
of known analogies. 

The formula (I; R’ = OH), containing the usual skeleton of the monocyclic sesquiterpenes, 
is thus established for lanceol with a high degree of probability, but on the evidence thus far 
available the residues giving rise to formaldehyde and hydroxyacetone in the ozonolysis might 
conceivably be interchanged (though this would involve breaking the isoprene rule). This 
possibility has been ruled out by reduction of lanceol to -bisabolene (I; R’ = H), identified 
by conversion into bisabolene trihydrochloride. The strong infra-red absorption bands at 
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6-06 and 11-25 u., together with the high optical rotation of the hydrocarbon, indicates that 
isomerisation to y-bisabolene (V; R = H) has not taken place during the reduction, although the 
trihydrochloride is optically inactive. This racemisation shows that caution must be exercised 
in drawing conclusions as to the nature of the bisabolene in an essential oil from the inactivity 


Me/ Me-CO 
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H, HO,C tH, 
HO, O,H 


(Il.) +Me-CO-CH,-OH j (IV.) 


.R 


H, Ac{CH,]yNMeEt,}I % _ ee rs 
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O,R \cH,-CO,R Me 
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of the derivative. That lanceol may contain some of (V; R = OH) is suggested by the form- 
ation of some levulic acid during ozonolysis (Simonsen e¢ al., loc. cit.); the question could be 
settled by the use of Raman spectra to detect the tetrasubstituted double bond. It is note- 
worthy that lanceol, from Santalum lanceolatum, is more closely related to the santalols of true 
sandalwoods (e.g., S. album) than was originally supposed. 

The reduction of lanceol to bisabolene was carried out by sodium and ethanol in liquid 
ammonia, which have been shown to remove reductively the hydroxyl group from several 
allyl alcohols containing a CH, group at one or other end of the allyl system; e.g., geraniol, 
C,H,,"CMe:CH-CH,-OH —-> methylgeraniolene, C,H,,-CMe:CHMe (Birch, J., 1945, 809). 
In order to test further the applicability of the method a commercial mixture of a- and 6- 
santalol has been reduced to a mixture of a- and §-santalene. It is noteworthy, however, 
that phellandrol (VI) could not be reduced and the structural factors involved have evidently 
not been completely recognised. The mixture of betulenols from birch-bud oil, if correctly 
formulated as allyl alcohols derived from §-caryophyllene (e.g., Treibs, Ber., 1938, 71, 612; 
Kipping, Ann. Reports, 1938, 35, 279), should give rise to the latter hydrocarbon. The 
advantage of the method over that involving reduction of the halide is that the reagents used 
are unlikely to alter the bond or ring-structures in an unpredictable manner. 


EXPERIMENTAL. 


Reduction of Lanceol.—The lanceol (ap —65-6°) was part of a specimen originally isolated by Mr. 
A. R. Penfold of the Sydney Technological Museum and presented to the authors by fessor Sir John 
Simonsen and Dr. L. N. Owen. Lanceol (16 g.) in ethanol (50 c.c.) and ammonia (500 c.c.) was reduced 
by the action of sodium (15 g.) during 3 hours. Water (250 c.c.) was then cautiously added, and the oil 
taken up in ether, washed with water, dried, and distilled over sodium. The p- bisabolene so obtained 
was an oil (12 g.) having very little odour and b. p. 148°/18 mm., n}° 1-4893, ay —67° (Found: C, 
88-2; H, 12-0. Calc. for C,,H,,: C, 88-2; H, 11-8 ). The hydrocar nm (2 g.) in ether (10 c.c.) was 
cooled in water and saturated with hydrogen chloride. After 3 hours in the refrigerator, the ether was 
rtly removed, and the crystals remov x ferry ig and recrystallised from a little light petroleum 
fb. p. 40—60°), giving bisabolene trihydrochloride (1-4 g.), m. p. 79—80°, undepressed by an authentic 
specimen kindly provided by Dr. L. N. Owen and originally prepared from lemon oil by Dr. W. F. Short. 
The trihydrochloride (1-48 g.), dissolved in chloroform (total volume, 5 c.c.), had ap 0-0°. For com- 
parison with samples of batural bisabolene the chief infra-red bands are recorded : strong bands at 
3-44, 6-06, 6-94, 7-25, 11-25, 12-5 u.; medium bands at 8-65, 8-7, 9-03, 9-79, 10-92, 12-05 u.; weak bands 
at 1-7, 2-3, 5-6, 7-43, 7-52, 7-63, 8-05, 9-52, 10-14, 10-45, 13-15 pw. ; side-bands at 3-25, 3-67, 5-95 p. 


The reduction, as above, of a commercial = of mixed santalols gave a hydrocarbon fraction, 
b. p. 137—139°/18 mm., nj}? 1-4895, ap —21-6° ellandrol under the same conditions was recovered 
unchanged. 

2: ee eee ee 3-ketoadipate (3-46 g.), ethyl chloro- 
acetate (3-5 g.), and sodium (0-6 g.) in —— (12 c.c.) were refluxed for 4:5 hours, most of ethanol 
was removed under reduced ure, the residue acidified to Congo-paper. Ether-extraction and 
distillation gave an oil My 4 “9 g. D P, 100-100 /0-3 mm., which probably consists of a mixture of methyl 
and ethy! esters. This tracticn, (23 g-) in benzene (12 c.c.) was added to a solution of sodium (0-23 g.) 
in methanol (10 c.c.), followed by a solution in methanol (12 c.c.) of the methiodide from 4-diethyl- 
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aminobutan-2-one (3 g.). The solution was left for 20 hours and then refluxed for 1 hour. Water was 
then added, and the product extracted with ether and distilled (1-2 g.; b. p. 190—196°/1 mm.). This 
a (1-59 g.) was refluxed under nitrogen for 13 hours with aqueous potassium ——— (20 c.c. 

0%). The solution was then evaporated under reduced pressure to about 10 c.c., then acidified with 
hydrochloric acid, the precipitated potassium chloride removed by filtration, and the solution submitted 
to continuous ether-extraction for 5 hours. The extract was crude 2: 6-dicarboxymethy!-3-methy]- 
cyclohex-2-enone (0-5 g.) which was purified by washing it with ether and crystallising it from water 
(charcoal). It then formed colourless prisms, m. p. 173°, which did not depress the m. p. (171—173°) 
of the acid obtained by ozonolysis, etc., of lanceol. The constitution assigned is supported by the 
analysis (Found: C, 58-7; H, 6-4. Calc. for C,,H,,0O,: C, 58-4; H, 6-2%) and by its absorption at 
Awaz. 243 my. (Emax. 10,000 in chloroform). 


This work was carried out during the tenure of the Smithson Research Fellowship of the Royal 
Society (A. J. B.). The authors are grateful to Professor Sir John Simonsen, F.R.S., and Dr. L. N. 
Owen for helpful discussions and gifts of chemicals, and to Mr. J. A. Mills for a gift of phellandrol. 
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417. Quaternary Ammonium Salts. Part I1.* A Novel Feature 
associated with Decomposition of Some Quaternary Ammonium Salts. 
By Wapre Tapros and MoHAMED KAMEL. 


4-Carboxy-2-nitrophenyltrimethylammonium salts are prepared by 
oxidation, etc., of 4-formy]l-2-nitrophenyltrimethylammonium chloride. In 
these nitro-compounds decomposition with alcoholic sodium alkoxides affects 
the nitro- before the quaternary ammonium group. Further, p-formyl- 
phenyltrimethylammonium chloride or iodide partly undergoes Cannizzaro’s 
reaction with sodium ethoxide or mn-propoxide. -Dimethylaminobenz- 
aldehyde is reduced to the alcohol by sodium ethoxide or n-propoxide, but 
with the latter it also undergoes Cannizzaro’s reaction to a very small extent. 


THE present investigation concerns ammonium salts in which (i) alcoholic sodium alkoxides 
cause reaction primarily at a group (e.g., NO, or CHO) other than the quaternary group and 
(ii), in some cases, the stability is enhanced by the presence of a formyl or carboxyl group 
in a pheny! nucleus with an 0- saga (cf. Zaki and Fahim, J., 1942, 271; Fahim and Galabi, 
J., 1950, 3529). 

Zaki and Tadros (J., 1941, 562) reported failure to prepare quaternary salts from 4-dimethyl- 
amino-3-nitrobenzoic acid. These have now been obtained by oxidation of 4-formy]-2-nitro- 
phenyltrimethylammonium chloride. The quaternary salt was formed from the aldehyde 
and methy! sulphate with great vigour at 135°, and moderation of the reaction by cooling or 
dilution with excess of methyl sulphate or, best, nitrobenzene was necessary. Attempts to 
prepare quaternary salts from the acid or its ester in nitrobenzene at 140—145° gave only 
the ester, and at higher temperatures decomposition occurred. 

p-Formylphenyltrimethylammonium chloride was shown by Zaki and Tadros (J., 1941, 350) 
to afford with ethanolic sodium ethoxide p-ethoxybenzaldehyde, p-dimethylaminobenzaldehyde, 
and a trace of p-dimethylaminobenzoic acid. We now find, by use of sodium ethoxide or 
n-propoxide, that Cannizzaro’s reaction to some extent precedes degradation of the quaternary 
salt, for the products include p-dimethylamino-benzyl alcohol and -benzoic acid as well as the 
alkoxybenzaldehyde; some dimethylaminobenzaldehyde is also formed and its origin is being 
investigated (cf. Smith and Welch, /J., 1934, 730). 

p-Dimethylaminobenzaldehyde is merely partly reduced to the alcohol by sodium ethoxide 
under our conditions (cf. Braun and Kruber, Ber., 1912, 45, 2977; cf. Clemo and Smith, /., 1928, 
2423), but with sodium m-propoxide the Cannizzaro reaction probably occurs also to some 
extent, a small quantity of p-dimethylaminobenzoic acid being isolated in addition to the main 
product, the alcohol. 

Our findings are thus that p-dimethylaminobenzaldehyde undergoes Cannizzaro’s reaction 
less readily than its quaternary salts, but that this reaction in both cases occurs at temperatures 
leading to degradation at the quaternary nitrogen atom. Further work is in progress. It 
may be noted that Alexander (J. Amer. Chem. Soc., 1948, 70, 2592) reported a Cannizzaro 
reaction with the methiodide of «-dimethylaminoisobutaldehyde. 


* Part I, J., 1949, 3337. 
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Sodium 4-dimethylamino-3-nitrobenzoate is unaffected by boiling methanolic sodium 
methoxide, but the methochloride or methobromide of the acid yields 5 : 5’-dicarboxy-2 : 2’- 
bisdimethylaminoazoxybenzene. [Attempts to prepare this azoxy-compound by Nisbet's 
(J., 1927, 2081) or by de Kiewiet and Stephen’s method (J., 1931, 82) failed, and dextrose in 
alkaline solution (Vogel, ‘‘ A Textbook of Practical Organic Chemistry,’’ Longmans, Green and 
Co., London, 1948, p. 604) reduced the nitro-acid to the amino-acid.] 4-Dimethylamino-3- 
nitrobenzaldehyde and sodium methoxide gave the acid and a basic oil (possibly the amino- 
alcohol), but the methochloride of the aldehyde afforded an amorphous orange product, m. p. 
332—334° (decomp.), probably a mixture but containing the intact Ar-NMe, group. The 
aldehyde and acid metho-salts thus afford further examples of reaction at the nitro-group 
preceding that at the quaternary ammonium group. 

It is noteworthy that, whereas 4-carboxy-2-nitrophenyltrimethylammonium bromide 

Ps Oe and iodide are stable, like p-carboxyphenyltrimethylammonium chloride 
(CH,);N@ ‘SCO, (Zaki and Tadros, Joc. cit.), the corresponding chloride is unstable, 
(1) No gradually changing into the corresponding betaine (I). This is also 

; rede readily obtained by the oxidation of 4-formyl-2-nitrophenyltrimethyl- 

ammonium chloride with hydrogen peroxide. 


EXPERIMENTAL. 
M. p.s are uncorrected. Microanalysis was by Drs. Weiler and Strauss (Oxford). 


4-Formy]-2-nitrophenyltrimethylammonium methosulphate was not isolated; it was converted 
directly into the corresponding picrate. 

4-Formyl-2-nitrophenyltrimethylammonium Salts and their Derivatives.—(a) When a mixture of 
4-dimethylamino-3-nitrobenzaldehyde (20 g., 1 mol.) and methyl sulphate (13 g., 1 mol.) was heated in 
an oil-bath, a reaction started at 135° and at 140° a violent explosion took place. (b) A mixture of the 
aldehyde (20 g., 1 mol.) and methyl sulphate (52 g., 4 mols.) was heated in an oil-bath; a vigorous 
reaction started at 135° and then subsided after a few minutes. Raising the temperature above 140° 
caused charring. (c) The aldehyde (5 g., 1 mol.) and methyl sulphate (8 g., 2-5 mols.) in xylene (15 c.c.) 
were heated at 140°. A black material separated. The xylene solution was decanted and the residue 
was washed twice with a few c.c. of xylene. The yield of picrate in (b) and (c) was poor. 
(d) The aldehyde (20 g., 1 mol.) and methyl] sulphate (26 g., 2 mols.) in nitrobenzene (90 c.c.) were heated 
in an oil-bath. Reaction started at 140°, becoming very vigorous at 147—148° but subsiding after 
20 minutes. The mixture was heated at 150° for further 30 minutes, and then left to cool. The nitro- 


benzene solution was decanted and the viscous residue treated with light petroleum (b. p. 80—100°) 
until free from nitrobenzene and unchanged material. The residue was dissolved in water and treated 
with aqueous picric acid. The black resinous precipitate was filtered off and to the filtrate more 


aqueous picric acid was added, the eS 
it had m. p. 175—176° (decomp.) (yie 
C, 43-9; H, 3-4; N, 16-0%). 


The corresponding chloride, prepared in the usual manner (Zaki and Tadros, loc. cit.), had m. p. 199— 
200° Engr (Found: C, 48-9; H, 5-1; N, 11-6; Cl, 14-9. C,,H,,N,0,Cl uires C, 49-1; H, 5-3; 
N, 11-4; Cl, 14-5%), and the bromide, m. p. 192° (decomp.) (Found: Br, 27-8. C,,H,,N,O,Br requires Br, 
27-7%), crystallised from alcohol-ether. The iodide ted from absolute alcohol in yellow 
crystals, m. p. 175° (decomp.) (Found: I, 37-6. C,,H,,N,O,I requires I, 37-8%). The halides are 
soluble in water and alcohol, but insoluble in ether, benzene, or acetone. 


The quaternary chloride (1 g.), hydroxylamine hydrochloride (1-2 g.) in the least amount of water, 
anhydrous sodium carbonate (1 g.), and absolute alcohol (10 c.c.) were refluxed for 3 hours, cooled, and 
filtered, and the filtrate was evaporated to dryness. The oxime picrate, prepared from an aqueous 
solution of the residue, arated in yellow crystals which had m. p. 200° (deceenp.) (Found: C, 42-2. 
H, 2-8; N, 19-0. C,ygH,O,9N, requires C, 42-5; H, 3-5; N, 18-6%). 

To a solution of the chloride (1 g.) in the least amount of alcohol, a saturated aqueous solution of 
semicarbazide hydrochloride was added and the product which was at once precipitated was filtered off. 
The semicarbazone picrate was obtained on addition of aqueous picric acid to an aqueous solution of the 
eg ag and recrystallised from water in yellow crystals, m. Bere: (decomp.) (Found : C, 41-4; H, 

-l : , ° 


crate yo in yellow crystals. Recrystallised from water, 
id, 20%) (Found : C, 44-5; H, 3-1; N, 16-6. C,,H,,0,.N, requires 


N, 22-4. C,,H,,0,).N, requires C, 41-3; H, 3-6; N, 22-7 


A saturated solution of benzhydrazide was added to a solution of the chloride (1 g.) in the least 
amount of alcohol. The precipitated benzoylhydrazone «wmmonium hydroxide which, owing to hydrolysis, 
separated after some time was filtered off and recrystailised from aqueous alcohol. It had m. p. 226° 
(decomp.) (Found : C, 60-0; H, 5-5; N, 16-7. C,,H,,O,N, requires C, 59-3; H, 5-8; N, 163%). 

The benzoylhydrazone picrate was obtained from the hydroxide and crystallised from aqueous alcohol 
in yellow crystals, m. p. 236° (decomp.) (Found: C, 50-6; H, 3-5; N, 17-8. C,,;H,,O,.N, requires 
C, 49-7; H, 3-8; N, 17-7%). 

3-Nitro-4-trimethylaminobenzoic Betaine.—Hydrogen peroxide (30-vol.; 5 c.c.) was added to an 
aqueous solution of 4-formy!-2-nitrophenyltrimethylammonium chloride (1 g. in 2 c.c. of distilled water), 
and the solution was heated on the water-bath for 10 minutes and then left overnight. The betaine was 
precipitated on scratching of the vessel. Recrystallised from water it had m. p. >360° (Found: C, 
53-0; H, 4-9; N, 12-6. C,,H,,O,N, requires C, 53-6; H, 5-3; N, 125%). 
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4-Carboxy-2-nitrophenyltrimethylammonium Salts.—The picrate, pr from the betaine in the 
usual manner, recrystallised from water in yellow crystals, m. p. 210° (decomp.) (Found: C, 43-2; H, 
3-1; N, 15-8. Cy gH,,0,,N, requires C, 42-4; H, 3-3; N, 15-5%). 


The picrate was converted into the qua chloride, bromide, and iodide in the usual manner. 
The quaternary chloride and bromide were also obtained on Wher grea are to dryness on the water-bath, 
of a solution of the betaine in concentrated hydrochloric and hydrobromic acid respectively. The 
chloride, crystallised from alcohol-ether, had m. p. 246° when a it gradually lost hydro- 
chloric acid and after 10, 20, and 30 days the chlorine content had decreased to 12-0, 9-0, and 7-45%, 
respectively (Calc. for C,gH,,O,N,Cl: 13-6%); after a longer time it had changed completely to the 
betaine. The bromide, which es to be stable, was obtained from alcohol-ether and had m. p. 
235—236° (Found: Br, 26-8. 2a a uires Br, 26-2%). The iodide, also stable, similarly 
purified, had m. p. 186° (Found : “psé. H,,0,N,I requires 1, 36-1%). 

Decomposition of de omsects: sale are Chloride or Iodide.—A mixture of the chloride 
(10 g., 1 mol.) or iodide (15 g., 1 mol.) and alcoholic sodium ethoxide (sodium 2-7 g. (2 atoms) in alcohol, 
100 c.c.} was refluxed on the sand-bath for 5hours. The solution was su uently evaporated to dryness 
on the water-bath, and the residue taken up with water and extracted with ether. Acidification of the 
alkaline solution with acetic acid Pr eda alor p-dimethylaminobenzoic acid (2 g.), which after 
crystallisation from alcohol had a m. alone or mixed with an authentic sample. The ethereal 
layer was extracted with hydrochloric eld: After removal of the ether, p-ethoxybenzaldehyde (2-2 g.) 
was obtained, identified, after oxidation with 1% potassium permanganate, as p-ethoxybenzoic acid, 
m. p. 195° alone or mixed with an authentic sa — The hydrochloric acid solution was made alkaline 
and the base extracted with ether. On fractio distillation of the red oil (1-6 g.) obtained after removal 
of ether, a fraction (1-2 g.) wascollected at 125°/1 mm., and proved to be p-dimethylaminobenzy] alcohol, 
identified as its methiodide, m. p. 231—232° alone or mixed with an authentic sample. The residue 
(0-4 g.) proved to be >-dunctigleinindheneshdehyde, giving a methiodide, m. p. 164° alone or mixed 
with an authentic sample. 

A similar experiment was carried out with the same quantities of the chloride and iodide and sodium 
n-propoxide (from sodium, 2-7 g.) in n-propyl alcohol (100 c.c.), whereby p-n-propoxybenzaldehyde 
(2 g.), identified as »-propoxybenzoic acid, m. p. 145° alone or mixed with an authentic sample, was 
obtained. The other fractions (crude p-dimethylaminobenzoic acid, 2:6 g.; p-dimethylaminobenzyl 
alcohol, 2-2 g.; and a small quantity of p-dimethylaminobenzaldehyde) were obtained as above. 


Decomposition of 4-Formyl-2-nitrophenylirimethylammonium Chloride.—The chloride (1 g., 1 mol.) 
and methanolic sodium methoxide (sodium, 0-1 g. (1 atom); methyl alcohol, 20 c.c,] were refluxed on the 
water-bath for 5 hours, an orange-red precipitate a. separating. This was filtered off and washed 
with water, but all attempts to veersetellios it from the common organic solvents were unsuccessful. 
Acidification of the filtrate with acetic acid gave very little precipitate. Analyses of the red product 
were not concordant (Found: C, 63-6, 60-1, 60-1; H, 4-4, 4-4, 4-4; N, 16-1, 15-8, 14-9%). 

Decomposition of 4-Carboxy-2-nitrophenyltrimethylammonium Chloride and Bromide and 3-Nitro-4- 
trimethylaminobenzoic Betaine.—The chloride, bromide, or betaine (0-4 g.) and methanolic sodium 
methoxide (sodium, 0-2 g.; methyl alcohol, 25 c.c.) were refluxed on the water-bath for 3hours. Methyl 
alcohol was distilled off, and the residue treated with dilute hydrochloric acid. Extraction with ether 
removed no material. The acid solution was made slightly alkaline and then treated with acetic acid until 
faintly acidic, whereupon pale orange crystals of ‘5 : 5’-dicarboxy-2 : 2’-bisdimethylaminoazoxybenzene 
slowly separated. This was not_soluble in common organic solvents, and was fae o by dissolution in 
alkali and precipitation with acetic acid. Its m. p. was above 360° (Found : 58-3; H, 4-7; N, 15-2. 
CysH.,O,N, requires C, 58-1; H, 5-1; N, 15:1% 

4-Dimethylamino-3-nitrobenzoic Acid.—4-Dimethylamino-3-nitrobenzaldehyde (3 g.) and methanolic 
sodium methoxide (sodium, 0-7 g.; methyl alcohol, 30 c.c.) were refluxed on the water-bath for 5 hours. 
Methyl alcohol was subsequently evaporated, and the residue taken up with water and extracted with 
ether. On removal of the ether, an orange-red oil (0-1 g.) was obtained. The alkaline solution was 
then treated with hydrochloric acid, and the brownish-black residue (0-5 g.) was filtered off. The hydro- 
chloric acid filtrate was made alkaline and then treated with acetic — by drop, whereby a yellow 
precipitate (1-2 g.) was obtained. This separated from ethyl] alcohol in yellow crystals, m. p. 213° alone 


or mixed with an authentic Ne of 4-dimethylamino-3-nitrobenzoic acid (Found: C, 52-1; H, 4-7; 


N, 13-5. Calc. for C,H ,,O,N 51-4; N, 4-8; N, 13-3%). 
4-Dimethylamino-3-nitrobenzoic acid, similarly treated, was recovered unchanged. 


p-Dimethylaminobenzyl Alcohol._—When a solution of p-dimethylaminobenzaldehyde (5 g., 1 mol.) 
with n-propanolic sodium »-propoxide [sodium 1-6 g. (2 atoms) ; »-propy! alcohol, 50 c.c.) was refluxed 
on the sand-bath for 5 hours, the solution acquired a dark-red colour. The alcohol was distilled off 
on the water-bath, and the residue extracted with ether. On acidification of the alkaline solution with 
acetic acid, p-dimethylaminobenzoic acid (0-06 g.) was obtained. The ethereal solution gave a residue 
which on distillation at 125°/1 mm. afforded p-dimethylaminobenzy] alcohol (4 g.), showing that about 
80% of the aldehyde was reduced to the alcohol. -Dimethylaminobenzy] alcohol was identified as its 
methiodide, m. p. 232° alone or mixed with an authentic sample. 


A similar experiment in alcoholic sodium ethoxide afforded no p-dimethylaminobenzoic acid, and 
the aldehyde underwent partial reduction (15—20%). 


Facutty oF Science, Fovap I University, Carro, Ecypt. (Received, April 6th, 1951.) 
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418. Syntheses with Isotopic Tracer Elements. Part III.* The 
Preparation of Ethylene Oxide and Ethanol labelled with Carbon 
Isotopes. 


By J. D. Cox and R. J. Warne. 


A method is described for the synthesis, on the 2—5 millimol. scale, of 
carbon-labelled ethylene oxide; reduction of the product with lithium 
aluminium hydride leads to af-labelled ethanol (cf. Part II, loc. cit.). 


In Parts I and II of this series (J., 1950, 3167, 3176) methods for the preparation of various 
carbon-labelled intermediates were described. In this and the succeeding Part, methods are 
given for synthesising two compounds, ethylene oxide and diazomethane, which are particularly 
valuable intermediates in that they afford means for the ready introduction of isotopic carbon 
into compounds of many different types. 

We have devised a method of preparing “C-ethylene oxide from barium ™“C-carbonate, 
via acetylene, ethylene, and ethylene chlorohydrin, with an 82% recovery of isotope; the 
method is suitable for the 2—5 millimol. scale. ™“C-Acetylene was prepared in 97% isotopic 
yield by fusing barium “C-carbonate with excess of barium, followed by treatment of the 
resulting carbide with water (cf. Monat, Robbins, and Ronzio, U.S.A.E.C.U.—672). Reduction 
to “C-ethylene was accomplished by shaking the gas with acid chromous chloride solution 
(Traube and Passarge, Ber., 1916, 49, 1692; Arrol and Glascock, J., 1949, S 335); a quantitative 
yield was secured of a product which contained no unchanged acetylene. Reaction with 
2m-hypochlorous acid then afforded an aqueous solution of “C-ethylene chlorohydrin from 
which ™“C-ethylene oxide was liberated by potassium hydroxide in 85—95% yield (from 
ethylene). 

Part II (loc. cit.) contained a description of a method for preparing «- or $-labelled ethanol 
from labelled barium carbonate, by way of acetic acid, in 78—86% isotopic yield. It has now 
been found that labelled ethylene oxide may be reduced with lithium aluminium hydride to 
aB-labelled ethanol in 93% yield, an overall isotopic recovery of 76% (based on barium carbonate) 
being realised. Although the lithium aluminium hydride reduction of several complex epoxides 
has been described (inter al.: Trevoy and Brown, J. Amer. Chem. Soc., 1949, 71, 1675; Plattner, 
Heusser, and Feurer, Helv. Chim. Acta, 1949, 32, 587), that of ethylene oxide does not seem to 
have been reported hitherto. 


EXPERIMENTAL. 


General.—The vacuum apparatus used in the work was as described in Part I (loc. cit.). The 
preparation of 1*C-samples for counting was also carried out as described in Part I, and the counting 
technique has been reported by Audric and Long (Chemical Research Laboratory, Teddington, Scientific 
Report CRL/AE. 51).¢ Materials were of ‘“‘ AnalaR”’ grade where possible. Specific activities (s.a.) 
are expressed in microcuries (uc.) per mg. of carbon. 

Preparation of Acetylene.—Ba™CO, (58-5 mg.; gross activity 1-74 wc.) was weighed into a thick- 
walled Pyrex centrifuge tube which contained finely shredded barium metal (1 g.). Inactive barium 
carbonate (240-3 mg.) was then added, giving a total of 1-515 millimoles of the carbonate (s.a. 0-096), 
followed by a further layer of shredded barium (1 g.) as shown in Fig. 1. A slow stream of dry carbon 
dioxide-free argon was passed through the tube, which was warmed to remove traces of water. On 
being heated with a full Bunsen flame, the reaction mixture suddenly became incandescent and set to 
a black mass; the tube was allowed to cool in a desiccator. 


Next, a file mark was made at A (Fig. 1), and a crack started with a hot rod; the bottom of the 
centrifuge tube could then be broken off inside a round-bottom flask C which was quickly fitted to the 
apparatus illustrated in Fig. 2. When air in the apparatus had been —— out with a current of 
hydrogen and cooling baths had been placed round traps E and F (see Fig. 2), water (30 c.c.) from B 
was slowly added. The resulting solution in C was brought to the boil ar minutes, boiling under 
reflux being maintained for a further 20 minutes. In experiments during which the water was rapidly 
brought to the boil, evolution of acetylene tended to be so violent that some of the gas escaped con- 
densation in F, as shown by precipitation of cuprous <cetylide in bubbler G. Acetylene could readily 
be recovered from this cuprous acetylide by treatment*with saturated potassium cyanide solution in a 
oo ye 1% system (cf. the generation of carbon dioxide from barium carbonate as described in 

art I, loc. cit.). ' 


Taps T,, and 7,, were closed, and trap F was detached from the train, and, while still immersed 
in liquid nitrogen, reattached to a vacuum manifold as shown in Fig. 3. Vessel K contained pellets 


* Part II, J., 1950, 3176. 
+ The intention to publish this work as Part III of the present series has been withdrawn. 
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of activated charcoal which had previously been heated at 200° in vacuo; T,, Ty, Ts, Ty, Tyg, and Ty 
were opened, all others being shut, and the system was evacuated. As acetylene reacts with mercury 
mirrors, it was necessary to keep 7, and 7, shut while any part of the system was being cooled. 

T, was shut, the liquid-nitrogen bath removed from F, and acetylene condensed into K by cooling- 
it to —78°. JT , was shut, and K was immersed in ice-water. The acetylene was then desorbed from 
the charcoal and condensed into H (at —196°) by slowly opening T, followed by continuous pumpin 
for 5 minutes (subsequent a ee showed that a amount of unidentified material remain 
adsorbed on the charcoal). , was closed, and the acetylene distilled from H into J. The product 
amounted to 1-03 millimoles (137% “ yield’’), as determined by jure Measurement in a system of 
known volume (gross activity of product 1-68 pc., 97%; s.a. 0-068). 

Preparation of Ethylene.—In a typical experiment, acetylene (4-98 millimoles; inactive) from J 
(Fig. 3) was distilled into an evacuated vessel J which contained an acid solution of chromous chloride 
frozen in liquid nitrogen; the chromous chloride solution had been pre from chromic chloride 
hexahydrate (11 g.) as described by Hatfield (‘‘ Inorganic Syntheses,” Vol. III, McGraw-Hill, New 
York, 1950; pp. 148—150) and contained concentrated hydrochloric acid (5 ml.). 

T, and T,, were shut; J was removed from the manifold, allowed to warm to room temperature, 
and shaken mechanically for 6 hours. was then reattached to the manifold, the contents of the flask 
being first frozen in liquid nitrogen. 2» ZI, and T,, were opened, and when the pressure had fallen 
to 10 mm., T, was closed. The liquid-nitrogen bath around J was replaced by a bath at —78° while 
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I was immersed in liquid nitrogen. Ethylene thereby condensed in J, final traces being removed by 
allowing the contents of J to melt, followed by a second distillation from J at —78° to J at —196°. The 
product amounted to 4-96 millimoles (99-8% yield) ; it gave no colour with ammoniacal cuprous chloride 
solution and was completely absorbed by a stirred solution of mercuric sulphate in sulphuric acid of 
the concentration specified by Francis and Lukasiewicz (Anal. Chem., 1945, 17, 703). 


In an experiment with C-acetylene, the yield of !“C-ethylene was 95%. 


Preparation of (a) Ethylene Chlorohydrin Solution and (b) Ethylene Oxide.—(a) To the manifold (see 
Fig. 4) was attached a flask L by way of an adapter P. L contained a solution of hypochlorous acid 
(1-8M.; 5 c.c.) prepared by the chlorine—-mercuric oxide method (Reformatzky, J. pr. Chem., 1889, 40, 
396) and used immediately after preparation; the use of impure or more dilute solutions of hypochlorous 
acid gave inferior yields of ethylene chlorohydrin. L was immersed in a bath at —78° and evacuated, 
whereby traces of free chlorine were removed. With 7, shut, ethylene (4-07 millimoles; gross activity 
968 wc.; s.a. 99) contained in J was condensed into L, now cooled in liquid nitrogen. T, and T,, were 
shut; P—L was removed from the manifold, and shaken mechanically for 2 hours. P—L was then 
reattached to the manifold, L cooled to —196°, and 7,, T,, and 7,, opened. With T, shut again, 
traces of unreacted ethylene and chlorine were distilled from L (at —78°) into J (at —196°). Finally, 
T, and T, were closed, and air admitted to P—L through Tj. 


(6) While the solution of ethylene chlorohydrin prepared as described in (a) was kept frozen (at 
— 78°), a magnetic stirrer capsule and potassium hydroxide pellets (6 g.) were quickly added to flask L. 
The latter was fitted to adapter O (Fig. 4), and the whole apparatus evacuated, and 7, shut. The solid 
carbon dioxide—methanol bath around L wa: placed around trap M, then, as the frozen mass in L began 
to melt, a vigorous evolution of ethylene oxide took place, the product being condensed into Q (at — 196°) 
by opening T, from time to time; the reaction mixture was stirred magnetically. When the reaction 
had subsided, the contents of M were distilled back into L so that the small amount of ethylene chloro- 
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hydrin which had distilled into M could be caused to react with potassium hydroxide again ; , 
the whole process was repeated a third time. The ethylene oxide so obtained amounted to 3-50 milli- 
moles (gross activity 815 uc., 842%; s.a. 97). In calculating the number of millimoles of product, 
allowance was made for the deviation from the ——_ laws shown by ethylene oxide. According to 
Maass and Boomer (J. Amer. Chem. Soc., 1922, 44, 1709), the deviation was 1-6% at the temperature 
and pressure of the measurement. 

The vapour pressure of the product is com in the Table with values"calculated (by means of the 
Clausi yron equation) from Maass and Boomer’s figures (Joc. cit.) : 

Ethylene oxide. V.p. at 0°, mm. V-.p. at —18-2°,mm. V.p. at —25-6°, mm. 

4C product (see above) ............... 490 +4 209 + 4 138 + 4 
Maass and Boomer ......... Sases 211 141 


Preparation of Formaldehyde from an Ethylene Oxide Residue.—The alkaline residual solution from 
a preparation of ethylene oxide (estimated to contain 0-5 millimole of ethylene glycol) was carefully 
Fic. 3. 
Hg 
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acidified with phosphoric acid. Sodium bismuthate (1 g.) was added, and the reaction mixture slowly 
distilled (cf. Rigby, Nature, 1949, 164, 185). Formaldehyde was identified in the distillate as its dimedone 
derivative, m. p. 189°. 

Reduction of Ethylene Oxide to Ethanol._—The method was very similar to that described in Part II 
(loc. cit.) for the reduction of acetyl chloride to ethanol. Ethylene oxide (15-95 millimoles; gross 
activity 0-462 uc.; s.a. 0-00120) was allowed to react at 0° with a stirred solution of lithium aluminium 
hydride in tetrahydrofurfuryloxytetrahydropyran (0-71m.; 20 c.c., 250% excess). Absorption of the 
gas was complete within 1 hour. Tetrahydrofurfuryl alcohol (15 c.c.) was then added and ethanol was 
swept out from the reaction mixture (at 100°), under conditions of partial reflux, by a cu rent of hydrogen 
during 5 hours. Finally, the crude distillate was subjected to a single-plate distillation (cf. Ii, 
loc. cit.), successive vapour pressure readings (with the liquid reservoir at 20°) being as follows: 39, 
38-5, 37, 19-5, 3-5, 0-05 mm. Hg. 

The product weighed 0-746 g. and had v.p. (at 0°) of 12-2 mm., n?? 1-3617, d@° 0-794 (Found: C, 
51-0; H, 13-08. Calc. for C,H,O : C, 52-2; H, 13-15%). An analysis by Simmonds’s method (Analyst, 
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1912, Sais, showed the presence of ca. 3% of methanol (gross activity of product 0-431 yc., 93-3%; 
s.a. 0-00 


We thank Mr. J. V. P. Long for carrying out radioactivity measurements. The work described 
above formed part of the programme of the Chemical Research Laboratory, and this paper is published 
by permission of the Director. 


CHEMICAL RESEARCH LABORATORY, D.S.I.R., 
TEDDINGTON, MIDDLESEX. (Received, March Ist, 1951.] 





419. Syntheses with Isotopic Tracer Elements. Part IV.* The 
Preparation of Methylamine and Diazomethane Labelled with Carbon 
Isotopes. 

By J. D. Cox and R. J. WARNE. 


A technique for preparing carbon-labelled methylamine from labelled 
methy] iodide, utilising the Gabriel reaction, has been developed; the amine 
has been converted into carbon-labelled diazomethane with an overall 
isotopic yield (based on labelled barium carbonate) of 55% 


Tue work now described aimed at devising a satisfactory method of preparing labelled diazo- 
methane by way of labelled methylamine. Although several syntheses of the latter have been 
described (Crompton and Woodruff, Nucleonics, 1950, 7, No. 3, 49) only the modified Curtius 
degradation of acetic acid (Gal, Spenger, and Greenberg, J. Org. Chem., 1950, 15, 1261) avoids 
the use of labelled cyanide. We have found, however, that the Gabriel reaction provides a much 
simpler route to methylamine, and provided that both the labelled methyl iodide (Part I, 
J., 1950, 3167) and potassium phthalimide used were anhydrous, a 98% yield of N-methyl- 
phthalimide was secured (cf. Graebe and Pictet, Ber., 1884, 17, 1173: Amnalen, 1888, 247, 302) ; 
hydrolysis of N-methylphthalimide gave a quantitative yield of methylamine. 

Methylamine was converted into diazomethane (a) through methylnitrosourea (Arndt, Org. 
Synth., 1935, 15, 3, 48; Hershberg, Schwenk, and Stahl, Arch. Biochem., 1948, 19, 300) and 
(b) through methyl 2-N-methyl-N-nitrosaminoisobutyl ketone (Jones and Kenner, J., 1933, 363 ; 
Adamson and Kenner, J., 1935, 286; 1937, 1551; Berenbom and Fones, J. Amer. Chem. Soc., 
1949, 71, 1629). By method (a) yields were 68% and 57% (from methylamine) on scales of 
30 and 5 millimoles respectively, while by method (b) yields were 60% and 40% on the 
corresponding scales. Our overall yield of diazomethane from carbon dioxide was at best 55%. 


EXPERIMENTAL. 


Materials.—Potassium phthalimide was prepared as described in Org. Synth., Coll. Vol. I, 1947, 
p. 119. Sodium cyanate was commercial material purified as described by Scattergood (‘‘ Inorganic 
Syntheses,”’ Vol. II, McGraw-Hill, New York, 1946, p. 89). Dimethylformamide 
and mesityl oxide were also commercial materials and were redistilled before use ; 
b. p.s were 152° and 131°, respectively. Samples of methylnitrosourea (purified 
by recrystallisation at —78° from ether) and methyl 2-N-methyl-N-nitrosamino- 
isobutyl ketone (purified by distillation, b. p. 95°/0-5 mm.) had m. p.s 120° 
(decomp.) and 20°, respectively. 


Preparation of N-Methylphthalimide.—(i) Potassium phthalimide (5-0 g., 27 
millimoles) was weighed into bulb A of the vessel (a form of ‘ Faraday tube ’’) 
illustrated in the figure, then a constriction was made at B. With the vessel 
attached to a vacuum manifold, the Fes ewe phthalimide was dried by heating 
it at 200°, in vacuo, forl hour. 4*C-Methyl iodide (2-84 g., 20-0 millimoles), which 





had previously been dried by milling (glass beads) with fresh pot epee peed oxide 


in a closed tube, was condensed into C and the flask was sealed at the con- 

striction. A was heated to 180°, C being kept at room temperature, until no more 

liquid remained in it; the reaction time varied from 6 hours to 2 days. The 

flask was allowed to cool, then was cracked open. Trituration of the contents 

of A with the minimum quantity of ice-cold water, followed by cold 0-1n- 

potassium hydroxide and finally water again, left a crystalline mass of N- 
methylphthalimide, m. p. 133°, requiring no purification (Found: C, 66-5; H, 4:5; N, 8-5. Calc. 
for C,H,O,N, containing 2-4 atoms % of *C: C, 67-1; H, 44; N, 8-7%,. The product, which 
amounted to 3-19 g. (19-6 millimoles, 98%), could most readily be transferred by dissolution in chloroform, 
the solvent being subsequently removed by distillation under reduced pressure. A titration with 
standard silver nitrate solution showed that the aqueous extract of the reaction product contained 19-6 
millimoles of I~ (98%). 





* Part III, preceding paper. 
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(ii) When methyl iodide, which had not been dried over phosphoric oxide was used, the yield of 
N-methylphthalimide fell to about 70%; 99% of the iodine, however, was found as I~ in the aqueous 
extract of the product. 

(iii) Methyl iodide (0-755 g.; 5-32 millimoles) was allowed to react with potassium phthalimide 
(1-02 gs; 5-5 millimoles) in the presence of dimethylformamide (6 c.c.). After 16 hours at 100°, the 
reaction mixture was poured into water, and the product extracted with chloroform and isolated by 
evaporating the extract and adding water to the residue. The yield of N-methylphthalimide was 
0-256 g. (30%), and I- amounted to 5-06 millimoles (95%). 

Preparation of Methylamine Sulphate.—“C-Methylphthalimide (3-19 g., 19-6 millimoles) was heated 
under reflux with constant-boiling hydrochloric acid (7 ml., 100% excess) for 4 hours, the crystals 
deposited in the condenser being washed down with more acid from time totime. The reaction mixture 
was cooled to 0°, made alkaline with sodium hydroxide, and distilled in a Kjeldahl ammonia-distillation 
apparatus; the distillate was collected under 1-038Nn-sulphuric acid (19-00 ml.). 0-18 Ml. of 1-00n- 
methylamine solution was required to neutralise the excess of acid, so that 19-6 millimoles (100%) of 
methylamine had distilled. **C-Methylamine sulphate was obtained by evaporating the solution to 
dryness. 


Generation of Diazomethane from the Nitroso-compounds.—(a) To an ethereal solution of methyl 
2-methylnitrosaminoisobutyl ketone (5 g.) was added the wax-like material obtained by dissolving 
sodium (0-2 g.) in cyclohexanol (6-5 c.c.). After an induction period, the ether became yellow, and the 
ethereal solution of diazomethane was distilled off, being condensed in a trap at —78°. The yield of 
diazomethane, 90%, was determined by reaction with excess of benzoic acid, followed by alkali titration 
of the remaining acid. 

(b) Methylnitrosourea (3 g.), dissolved in ether (50 c.c.), was allowed to react with 10N-sodium 
hydroxide solution (10 c.c.), and the resulting ethereal solution of diazomethane distilled off. The yield 
of diazomethane, 91%, was determined as described in (a). 

Preparation of Diazomethane from Methylamine Sulphate.—(a) To a 3-55m-solution of methylamine 
sulphate (5-00 c.c., 17-75 millimoles) was added rat eaneoe nr hydroxide solution (3-55 c.c.). Mesityl 
oxide (4-5 c.c.) was run dropwise into the magnetically stirred solution at 0°, then the reaction mixture 
was allowed to warm to room temperature during 2 hours. The solution was cooled to 0° again, and 
acetic acid (4-5 c.c.) added dropwise followed by a solution of sodium nitrite (5 g. in 7 c.c. of water). 
Finally, the nitroso-compound was extracted (continuously) with ether from the reaction product, and 
diazomethane generated from the extract as described above; 20-9 millimoles of diazomethane (59%) 
were thereby obtained. In two experiments on the 5-millimoles scale, the yield was 40%. 

(b) Sodium cyanate (0-6 g.) and a few drops of 0-1N-sulphuric acid were added to a solution of 
13C-methylamine sulphate (3-1 millimoles in 2 c.c. of water); the solution was heated under reflux for 
15 minutes, then cooled to —5°. After 2-75Nn-sulphuric acid (3-5 c.c.) had been run in, sodium nitrite 
(0-5 g.) was added portionwise during 1 hour, the reaction mixture being kept at —5° and stirred 
magnetically for 1 hour more. Ether wasadded. The resulting mixture was transferred to a separating 
funnel, and the aqueous phase extracted with three portions of cold ether; diazomethane was liberated 
from the combined extracts as previously described. 

The resulting ethereal solution of diazomethane was treated with weighed small portions of meso- 
dibromosuccinic acid (m. p., in a sealed tube, 255°) until the yellow colour was just discharged; 0-51 g. 
(1-78 milliequivs. = 3-56 millimoles of diazomethane, 57%) were required. e ethereal solution was 


washed in turn with sodium hydrogen carbonate solution and water, dried (Na,SO,), and at; armen 
i 


The residue was crystallised from light petroleum (b. p. 40—60°) to give prisms of methyl! meso-dibromo- 
succinate, m. p. 63° (Found: C, 23-5; H, 2-3. . for C,H,O,Br, containing 4-4 atoms % of C : 
C, 23-8; H, 265%). Finally, a specimen of the dimethyl ester was oxidised to carbon dioxide for mass- 
spectrometric assay (see table). Experiments on the 30-millimoles scale gave diazomethane yields 
(from methylamine) of 65—68%. 

Analyses for °C in the intermediates in a preparation of !*C-diazomethane are recorded in the table. 
The agreement between “ calculated "’ and “ found "’ values shows that no appareciable dilution occurs 
during the preparation. 

Atoms % of #9C. Atoms % of C. 
13C-Labelled species. Calc.* Found. 18C-Labelled species. Calc.* Found. 
UD FED dee nesvenconereese _- 13-85 (3) *CH,*NH,,}H,SO, ¢ 10-6 ¢ 11-0 
aii ae itn te (4) (CHBr-CO,*CH,),* 4-38 / 4-37 
6 Xo 0% 3 i P 


* All calculations assume the natural abundance of *C to be 1-07%. * Calculated from the 
“ found "’ value for (1). * The labelled product (1 millimole) obtained by hydrolysis of (2) was 
diluted with unlabelled methylamine (0-325 millimole) before assay. ‘¢ Calculated from the “‘ found ”’ 
value for (2). ‘* The ethereal solution of diazomethane obtained from (3) was caused to react with 


meso-dibromosuccinic acid, and the resulting dimethyl ester was assayed. / Calculated from the 
“ found ” value for (3). ’ 


We are grateful to Dr. S. L. Thomas for his advice and thank Miss M. Corner for microanalyses and 
Dr. R. Bentley (N.I.M.R.) for mass-spectrographic determinations. The work described above formed 


part of the programme of the Chemical Research Laboratory and this paper is published by permission 
of the Director. 


CHEMICAL RESEARCH LaBorRaTORY, D.S.I.R., 
TEDDINGTON, MIDDLESEX. (Received, March ist, 1951.) 
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420. The Structure and Properties of Certain Polycyclic Indolo- and 
Quinolino-derivatives. Part II.* Derivatives of 1-Ketojulolidine.t 
By FrRepDERIcK G. MANN and Bryan B. SMITH. 


The synthesis of 1-ketojulolidine and of 1 : 6-diketojulolidine is described. 
The former condenses with isatin in alkaline solutions to give quinolino(2’ : 3’- 
1 : 2)juloline-4’~carboxylic acid which on decarboxylation furnishes quinolino- 
(2’ : 3’-1 : 2)juloline. This base exists in two isomeric forms: the yellow form 
can be converted via its salts into the orange form, and the latter when heated 
reverts to the yellow form. Both are readily oxidised to 3-ketoquinolino- 
(2’ : 3’-1 : 2)juloline. The probable structure of these forms and their 
derivatives is discussed. 

1-Ketojulolidine phenylhydrazone undergoes indolisation to form ¢-indolo- 
(2’ : 3’-1 : 2)juloline. 


Ir has been shown by Mann (J., 1949, 2816*) that 1: 2:3: 4-tetrahydro-4-keto-1-phenyl- 
quinoline (I), when subjected to the Pfitzinger reaction with isatin, gives 1 : 2-dihydro-1-phenyl- 
quinolino(3’ ; 2’-3 : 4)quinoline-4’-carboxylic acid (II ; R = CO,H) which forms deep-red crystals, 
but gives yellow salts with alkalis. The acid on decarboxylation gives 1 : 2-dihydro-1-pheny]l- 
quinolino(3’ ; 2’-3 : 4)quinoline (II; R = H) as deep-yellow crystals which give deep red salts 
with acids. The base (II; R = H) undergoes a very ready atmospheric oxidation to 1 : 2-di- 
hydro-2-keto-1-phenylquinolino(3’ : 2’-3 : 4)quinoline (ITI). 
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It is noteworthy moreover that the phenylhydrazone of the ketone (I), when subjected to the 
Fischer indolisation, gives 1-phenyl-/-indolo(3’ : 2’-3 : 4)quinoline (IV), a reaction which is 
precisely similar to that which the phenylhydrazone of the parent | : 2 : 3 : 4-tetrahydro-4-keto- 
quinoline itself undergoes (Clemo and Perkin, /J., 1924, 125, 1608). The structure of the 
compound (IV) has subsequently been independently confirmed by Dr. R. N. Haszeldine, who 
finds that its infra-red absorption spectrum shows no indication of an ~-NH- band in the 3-p. 
region, whereas this band is present in the spectrum of its hydrochloride. 

This and the following two papers report the preparation of other cyclic ketones similar in 
type to (I) and their conversion into the corresponding quinolino-derivatives, both for a study of 
the colour changes involved in this process and also (more particularly) for an investigation of 
the structural factors that determine the ready oxidation of these derivatives. The Fischer 
indolisation of the phenylhydrazones of these cyclic ketones has also been investigated. 


* J., 1949, 2816, is regarded as Part I of this series. 
+ Following the Editor’s advice, the following names are adopted for the three amines having this 


ring system : 
oe 
©) 


(A) Juline (B) Juloline (C) Julolidine 


For earlier work concerning the preparation, naming, and numbering of these systems, see Reissert 
(Ber., 1891, 24, 844), Kayser and Reissert (Ber., 1892, 25, 1193), Pinkus (ibid., p. 2798), von Braun 
et al. (Ber., 1918, 51, 1215). Reissert used the terms julole, juloline, and julolidine for these amines : 


the term juline has now been employed in place of julole, since the suffix of the latter term implies a 
five-membered ring. 








{1951} Polycyclic Indolo- and Quinolino-derivatives. Part II. 1899 
It has been claimed (F. P. 806,715) that 1-2’-cyanoethyl-1 : 2: 3: 4-tetrahydro- 


quinoline, when heated with a mixture of aluminium chloride, potassium chloride, and sodium 
chloride, ultimately yields 1-ketojulolidine (V). A similar claim, for use of aluminium chloride 


\ . 


\¢ 7 
fou 


(IV.) 


with chlorobenzene as a solvent, has been made in FIAT Final Report No. 1298 (1949). We 
have been unable to obtain the ketone (V) by this method : however, hydrolysis of the cyano- 
ethyl derivative gave 1-2’-carboxyethyl-1] : 2: 3: 4-tetrahydroquinoline, which could readily 
be cyclised in xylene solution by phosphoric anhydride to the ketone (V). 

In marked contrast to this behaviour, however, we have found that NN-bis-2-cyanoethyl- 
aniline, Ph*-N(CH,°CH,°CN), (Cookson and Mann, J., 1949, 67), when heated in chlorobenzene 
solution with aluminium chloride, gave 1 : 6-diketojulolidine (VI) in good yield, whereas the 
phosphoric anhydride cyclisation of the corresponding aniline-N N-bispropionic acid afforded 
this diketone in only very small yield. 

It is noteworthy that, whereas julolidine readily forms both salts with acids and quaternary 
salts (Pinkus, Joc. cit.), the nitrogen atom in the kéto-amine (V) is almost neutral: for example, 
salts even with strong acids are difficult to isolate (the hydrochloride readily dissociates) and 
quaternary salts are not formed under the usual conditions. Both this low reactivity and the 
yellow colour of the ketone are presumably due to the contribution of the polar 
quinonoid form (V4). 

1-Ketojulolidine (V) bears an obvious structural resemblance to the ketone (I), and its 
behaviour in the Pfitzinger reaction has therefore been studied. When solutions of the ketone 
(V) and of isatin in ethanolic potassium hydroxide are boiled under nitrogen, acidification 
ultimately yields quinolino(2’ : 3’-1 : 2)juloline-4’-carboxylic acid (VII), which when initially 
prepared was maroon in colour and gave red solutions in methanol and ethanol, but gave yellow 
solutions on treatment with alkali. It is probable that the explanation of the difference in 
colour of this acid and its salts is precisely parallel to that already given for the acid (II) (Mann, 
Joc. cit.). The acid (VII) undergoes rapid oxidation on exposure to air and ultimately becomes 
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yellowish-brown. The freshly precipitated acid was therefore decarboxylated by heat in a 
vacuum, and quinolino(2’ : 3’-1 : 2)juloline (VIII) obtained after sublimation and recrystallisation 
as bright yellow plates, m. p. 150°. The assignment of the structure (VIII) to this yellow base 
is discussed below. 

The behaviour of the yellow base on salt formation is noteworthy. When dilute hydro- 
chloric acid is added to an acetone solution of the base, deep red crystals of the hydrated 
monohydrochloride of the base separate : when, however, hydrogen chloride is passed into an 
ethanolic solution of the base, a deep red colour rapidly forms but later fades, and the solution 
becomes colourless as saturation with hydrogen chloride is attained. Colourless crystals, 
presumably of the dihydrochloride of the base, now separate: they dissociate to the red salt so 


rapidly on removal from the saturated acid solution that analysis was not practicable. The 
6G 
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addition of limited quantities of toluene-p-sulphonic acid to a solution of the yellow base also 
produces a deep red colour. This behaviour with acids is in marked contrast with that shown 
on quaternisation. When the base is boiled with a large excess of methyl iodide, a cream- 
coloured crystalline monomethiodide is obtained. Treatment of the base with methyl] toluene- 
p-sulphonate similarly gives a very pale lemon-yellow crystalline monomethotoluene-p- 
sulphonate, which can be readily converted into monomethiodide and hence has the same 
general structure. This marked difference between the deep red monohydrochloride and the 
almost colourless monoquaternary salts indicates an almost certain difference in structure. 

When, however, the deep-red solution of the monohydrochloride of the yellow base is boiled, 
the solution rapidly becomes yellow. If this solution is now basified, a crystalline orange base 
(e.g., IX), m. p. 190°, isomeric with the yellow base (VIII), is isolated. Cooling the solution 
before basification gives the yellow crystalline monohydrochloride of the orange base : this salt 
has m. p. 388°, and its identity has been confirmed by its preparation direct from the pure 
orange base. This orange base also gives a yellow crystalline monotoluene-p-sulphonate, and 
also on quaternisation a monomethiodide and a monomethotoluene-p-sulphonate, both of which 
form bright yellow crystals. It is clear therefore that the salts formed from the isomeric yellow 
and orange bases are quite distinct. 

Finally when the orange base was heated at 200° in a vacuum, it was readily converted back 
into the yellow base. 

One further important relationship exists between the yellow and the orange base. The 
yellow base, when heated at 110° in a stream of air, underwent oxidation to 3-ketoquinolino- 
(2’ : 3’-1 : 2)juloline (X); the same oxidation occurred when the base was treated with an 
acetone solution of potassium permanganate, and also when a benzene solution of the base was 
exposed to the air for ca. one week. This oxidation is clearly parallel to that of the quinolino- 
derivative (II; R = H) to the ketone (III), and it is by analogy with the unambiguous structure 
of (III) that the oxidation in the compound (X) is considered to have occurred in the 
(corresponding) 3-position. The oxidation of the orange base gives the same product but 
much more readily : for instance, a sample of the orange base underwent complete oxidation 
when exposed in benzene solution to the air at room temperature for 3 hours. It is noteworthy 
that although the keto-base (X) would form salts with hydrochloric and toluene-p-sulphonic 
acids, it would not form quaternary salts. Furthermore the quaternary methotoluene-p- 
sulphonates of the yellow and the orange base would not undergo oxidation similar to that of 
the parent bases themselves. These results are to be expected in view of the structure of the 
keto-base (X), where the julolidine nitrogen atom is now part of a cyclic acid amide and thus 
could not form salts: hence furthermore the strong protection afforded to the 3-methylene 
group of the two bases by quaternisation at this nitrogen atom. The salt formation which the 
keto-base undergoes with acids undoubtedly occurs at the quinolino-1l’-nitrogen atom. This 
again is parallel to the behaviour of the quinolino-derivative (II; R = H) which readily forms 
salts with acids at the 1’-nitrogen atom but does not form quaternary salts under the usual 
conditions. 

We have at present no decisive explanation for the behaviour of the yellow base with acids 
and with alkyl halides, or for the isomerism of the yellow and the orange base. The following 
points must be considered, however. The fact that the yellow base forms deep red salts with one 
equivalent of acids but very pale yellow quaternary salts indicates strongly that a marked 
change in structure occurs on salt formation with acids but not apparently on quaternary salt 
formation. Since julolidine itself readily forms quaternary salts whereas the quinolino-l’- 
nitrogen atom in the base (I1; R = H) and in the keto-bases (III) and (X) does not, it is 
reasonably certain that quaternisation of the yellow base occurs normally at the julolidine 
nitrogen atom, and hence is accompanied by no fundamental change in structure. 

It is probable moreover that the red salt formed from one equivalent of an acid and the 
yellow base is due to the latter acting as an “ anhydronium base,” and that the mono- 
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hydrochloride has the structure (XI), which would almost certainly cause intense colour. A 
number of such anhydronium bases have been described by Armit and Robinson (J., 1925, 127, 
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1604) : for example, one somewhat similar to our yellow base is the compound (XIIA) which 
will add on even water to give the quaternary hydroxide (XIIB; X = OH), and will give salts 
with acids in the same way. Similarly methylnorharmine (XIII) on treatment with acids gives 
the cation (XIIIA) (Perkin and Robinson, J., 1919, 115, 951). 

It should be noted, however, that salt formation by the anhydronium bases cited by 
Robinson causes a shift in valencies which gives the molecule a more highly aromatic character 
and hence a greater stability. We suggest that in our heterocyclic system the formation of the 
unstable red monohydrochloride (XI) is an intermediate stage in this process, and that the 
ready isomerisation which occurs when this red salt is boiled in aqueous solution is caused by its 
conversion into a salt of structure (XIV). This conversion, by making both the rings a and b 
aromatic in type, would enhance the stability of the salt : the simultaneous loss of the quinonoid 
structure would of course account for the decrease in intensity of the colour of the salt (from 
red to yellow). Basification of the stable yellow salt (XIV) would then produce the orange 
base (IX). 


4 b ‘, 
a \ GO \ on. i 4 
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The indolisation of the phenylhydrazone of 1-ketojulolidine has been investigated under the 
action of dilute sulphuric acid (cf. Clemo and Perkin, Joc. cit.) and of aqueous-ethanolic hydrogen 
chloride (cf. Mann, loc. cit.). The former reagent gives a crystalline product, m. p. 198—199°, 
for which satisfactorily consistent analyses have not been obtained, but which is almost certainly 
the g-indole (XV), the reaction apparently proceeding precisely similarly to the conversion of the 
phenylhydrazone of the ketone (I) into the g-indole (IV). The evidence for the y-indole 
structure (XV) rests on the following points. (i) The compound forms bright yellow crystals, 
whereas the indole (had indolisation proceeded normally) would probably be colourless. 
(ii) These yellow crystals, however, readily give a colourless hydrochloride and methiodide, for 
which analyses indicate the addition of these units to the g-indole (XV). It would be expected 
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that, for example, hydrogen chloride would readily add to the y-indole (XV) to give a salt 
structure (XVI)—and that methyl iodide would add similarly—since by this addition the rings 
a and b acquire aromatic character; furthermore the structure of these salts would 
almost certainly cause them to be colourless. On the other hand, if the yellow crystals were a 
true indole, salt formation could only occur by normal proton addition at the julolidine nitrogen 
atom, a process which should cause no change in colour. (iii) The examination of the infra-red 
spectrum of the yellow crystals in the 3-p. region gives no indication of the -NH- band which 
the true indole should show, but the colourless monohydrochloride shows this band at 2°94 u. 
in accordance with the structure (XVI). 

When the indolisation of the phenylhydrazone was carried out with aqueous-ethanolic 
hydrogen chloride, the above yellow compound, m. p. 198—199°, was again the main product, 
but by careful fractional crystallisation a very small yield of another compound, m. p. 224°, 
identical in appearance with the former compound was isolated. Analysis indicated that 
this compound was probably isomeric with the former, and its infra-red spectrum also indicated 
that it did not contain the -NH- band. It is therefore apparently also a y-indole. No thermal 
interconversion of these compounds was observed, nor was any evidence of oxidation of either 
to a keto-derivative, similar in type to (X), detected: this oxidation would not of course be 
expected in a ¥-indole of structure (XV). The very small amount of the compound of m. p. 
224° available precluded a more detailed investigation of its structure, which at present remains 
uncertain. 

When the methylphenylhydrazone of 1-ketojulolidine was subjected to indolisation with 
dilute sulphuric acid, the m. p. of the crude base isolated indicated that it was a mixture : 
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extensive recrystallisation ultimately furnished, however, the pure colourless 3-keto-1’-methy]- 
indolo(2’ : 3’-1 : 2)juloline (XVII). The structure of this compound is supported by its infra- 
red spectrum, which shows carbonyl absorption at 6°12 u. which is consistent with the structure 
(XVII), whereas there is no indication in the 3-p. region of absorption due to OH groups which 
might conceivably have been formed by oxidation. It is clear that in this case the true indole— 
like the quinolino-derivatives (VIII) and (IX)—is very readily oxidised, and that the crude 
product was almost undoubtedly a mixture of the initial unoxidised indole and the oxidised 
keto-derivative (XVII), from which the latter alone was isolated in the pure state. This ready 
oxidation, and the colourless nature of these methylindoles, differentiate them sharply from 
the stable yellow y-indole (XV). 


EXPERIMENTAL. 


Many of the compounds prepared in this investigation showed consistent m. p.s only when the 
substance was heated in a capillary tube which had been evacuated and sealed. Such determinations 
are indicated by an asterisk. 


1-2’-Cyanoethyl-1 : 2 : 3 : 4-tetrahydroquinoline.—Tetrahydroquinoline, prepared by hydrogenation 
of pure synthetic quinoline over copper chromite (Adkins and Connor, J. Amer. Chem. Soc., 1931, 58, 
1061), was boiled with vinyl cyanide in acetic acid under reflux (cf. B.P. 466,316/1937; Whitmore et ai., 
J. Amer. Chem. Soc., 1944, 66, 730). The cyano-derivative had b. p. 197—199°/14 mm.; the yield 
was 73%. 


1-2’-Carboxyethyl-1 : 2: 3: 4-tetrahydroquinoline.—The cyano-derivative (247 g.) was added to a 
solution of potassium hydroxide (350 g.) in water (2-5 1.) and boiled under reflux until a clear solution 
was obtained (ca. 2-5 hours). The solution was cooled, and concentrated hydrochloric acid added until 
precipitation of the above acid, which separated initially as an oil which subsequently crystallised, was 
complete. (The presence of a slight excess of hydrochloric acid promotes this crystallisation, but a 
larger excess will of course redissolve the product.) The acid was collected, thoroughly washed with 
water, and dried, the yield being 240 g. (88%). This acid was sufficiently pure for the next stage: a 
sample when recrystallised from cyclohexane formed colourless crystals, m. p. 69—71° (Found: C, 
70-0; H, 7-5; N, 7:15. C,,H,,O,N requires C, 70-2; H, 7-4; N, 68%). The acid gave a hydrochloride, 
colourless crystals (from ethanol), m. p. 171-5° (Found: C, 59-5; H, 7-1; N, 5-5. C,,H,,O,N,HCl 
requires C, 59-6; H, 6-7; N, 5-8%). 

1-Ketojulolidine (V).—Dry xylene (500 c.c.) and the above acid (71 g.) were added in turn to a mixture 
of a anhydride (50 g.) and “‘ Hyflo Supercel ”’ (porous silica powder) (25 g.), and the mixture 
was boiled under reflux with stirring for 1 hour. The xylene was decanted, and the residue extracted 
with boiling xylene (2 x 100 c.c.). The united xylene extracts were distilled, and the ketone obtained 
as a yellow distillate, b. p. 127—130°/0-2 mm., which readily crystallised in the receiver (20 g., 31%). 
Recrystallisation from cyclohexane gave yellow needles, m. p. 62-56—63-5° (Found: C, 77-05; H, 7:1; 
N, 7-4. C,,H,,ON requires C, 77-0; H, 7-0; N, 7-5%). 


1 : 6-Diketojulolidine (V1).—A mixture of powdered aluminium chloride (30 g.), concentrated 
hydrochloric acid (1-5 c.c.), chlorobenzene (30 c.c.), and N N-bis-2-cyanoethylaniline (9 g.) was thoroughly 
stirred whilst heated at 140° for 6 hours. It was then cooled, hydrolysed with ice-water, and steam- 
distilled to remove the chlorobenzene. The cold heavy oily residue was extracted with chloroform, and 
the extract dried and distilled. The diketone was obtained as a yellow liquid, b. p. 190—210°/0-3 mm., 
which rapidly solidified (4-5 g.). Recrystallisation from ethanol gave bright yellow crystals, m. p. 145— 
146° (Found: C, 71-8; H, 5-4; N, 7-0. ©,,H,,O,N requires C, 71-6; H, 5-5; N, 7-0%). 


When a methanolic solution of the diketone (2 g.) containing a few drops of acetic acid was boiled 
with phenylhydrazine for a short time and cooled, yellow needles of the osazone, m. p. 248° (3-4 g.), 
separated. hey were collected and washed with hot methanol, in which they were almost insoluble 
(Found : C, 75-15; H, 5-75; N, 18-7. C,,H,,N, requires C, 75-55; H, 6-05; N, 18-4%). 


Quinolino(2’ : 3’-1 : 2)juloline-4’-carboxylic Acid (VII).—1-Ketojulolidine (14-9 g.) and isatin (13-4 g., 
1-15 mols.) were added to a solution of potassium hydroxide (16 g., 3-5 mols.) in ethanol (87 c.c.) 
containing water (17-5 c.c.), and boiled under reflux in a nitrogen atmosphere for 15 hours. The cold 
filtered solution was added slowly with stirring to 10% acetic acid (200 c.c.) to precipitate the acid 
(VII); when crystallisation was complete, the acid was collected, washed with water and ethanol, and 
dried (yield, 13 g., 52%). The whole process of isolation of the acid was performed in a nitrogen 
atmosphere. The very ready atmospheric oxidation of this acid, and its very low solubility in most 
solvents, made purification very difficult. The highest m. p. recorded was 177-5—179°, but even this 
sample was still impure (Found: C, 74-8; H, 5-55; N, 8-7. Calc. for C,,H,,O,N,: C, 75-9; H, 5-1; 
N, 885%). It is noteworthy that, although a solution of the acid in methanol or ethanol was red, that 
in 2-methoxyethanol was yellow. 


The potassium salt, isolated by adding the finely powdered base to 20% aqueous potassium hydroxide 
solution, separated as a yellow gum which could not be crystallised. 


Quinolino(2’ : 3’-1 : 2)juloline (VIII).—(a) The yellow base. The acid (VII) (12 g.) was heated in a 
sublimation-still at 0-2 mm., with the bath-temp. at 250°. Decarboxylation followed by sublimation 
occurred; ultimately the sublimed base (9 g.) was obtained as a bright-yellow glass, which when once 
recrystallised from ethanol in a nitrogen atmosphere formed bright yellow plates (7-8 g.), sufficiently 
pure for further use. For analytical purposes, a sample was similarly recrystallised twice more, and then 
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had m. p. 150° * (Found: C, 84-0; H, 5-9; N, 10-56%; M (ebullioscopic in benzene under nitrogen), 
264. C,,H,,N, requires C, 83-8; H, 5-9; N, 10-3%; M, 272). 


The yellow base gave the following derivatives : 


Monohydrochloride. When dilute aqueous hydrochloric acid was added to a cold acetone solution of 
the base, the dihydrated monohydrochloride was precipitated as deep red tals, which were collected, 
washed with acetone, and dried at room temperature in a vacuum (Found: C, 66-1; H, 6-2; N, 7-8. 
C,sH,¢N,,HC1,2H,O requires C, 66-2; H, 6-1; N, 81%). age 5! to dehydrate this compound by 
heat, or to recrystallise it, converted it into the hydrochloride of the orange base. On being ted in 
an evacuated capillary-tube, it underwent the following series of changes: ca. 200°, dark green, with 
drops of liquid (almost certainly water) condensing on the upper and cooler —- of the tube; ca. 
250°, greenish-yellow; ca. 320°, dull yellow; ca. 350°, brown; ultimate m. p. 390°. It is almost certain 
that before melting it had been converted entirely into its isomeride. 

When a current of hydrogen chloride was into an ethanolic solution of the yellow base, the 
solution rapidly became red but ultimately me colourless as saturation with the chloride was 
achieved, and colourless crystals separated. The latter were stable only in high concentrations of 
hydrogen chloride, and when separated from the solution rapidly dissociated. They were not therefore 
further investigated. 


The red toluene-p-sulphonate of the yellow base so rapidly isomerised to that of the orange base (see 
below) that attempts to isolate it were abandoned. 


Monomethiodide. A solution of the yellow base in an excess of methyl iodide was boiled under 
reflux for 5 hours and cooled. The monomethiodide which separated was collected, and twice recrystallised 
from ethanol in which it was a > Nagy cd soluble; it formed colourless needles, m. p. 173-5° * (decomp.) 
(Found : C, 57-7; H, 4:7; N, 7-0. CygH,,N,I requires C, 58-0; H, 46; N, 6-8%). 

Monomethotoluene-p-sulphonate. A mixture of the base with an excess of methyl toluene-p-sulphonate 
was heated in an evacuated sealed tube at 100° for 80 minutes. The excess of the ester was then 
extracted with ether, and the residual sulphonate, when thrice recrystallised from ethanol-ethyl 
acetate (1: 6 by vol.), formed very pale lemon-yellow needles, m. p. 207° * (Found: C, 70-6; H, 5-5; 
N, 6-3. C,,H,,O0,N,S requires C, 70:7; H, 5-7; N,6-1%). The addition of sodium iodide to an acetone 
solution of this salt precipitated the above monomethiodide, identified by m. p. (mixed and unmixed). 


(b) The orange base. The yellow base was boiled with dilute hydrochloric acid; the solution, which 
was at first deep red, soon changed to a clear yellow with a green fluorescence. This solution was poured 
into an excess of warm dilute sodium hydroxide solution, and the precipitated orange base when cold 
was collected and recrystallised from ethanol under nitrogen. It was obtained as bright orange plates, 
m. p. 190° * (Found: C, 84-0; H, 5-7; N, 105%; M (ebullioscopic in benzene under nitrogen), 270). 
A mixture of approximately equal amounts of the yellow and the orange base had m. p. 153—170°.* 
The red dihydrated monohydrochloride of the yellow base showed the same behaviour when boiled with 
water or dilute hydrochloric acid. 


The orange base gave the following derivatives : 


Monohydrochloride. (a) The yellow base was boiled with dilute hydrochloric acid as above until the 
solution was yellow, cooling then caused the separation of the crystalline monohydrochloride of the 
orange base. This salt, when thrice recrystallised from ethanol, MT as yellow needles of the 
hemiethanolate, m. p. 388° (Found : C, 72-3; H, 6-3; N, 88. C,H, N,,HC10-5C,H,O requires C, 72-4; 
H, 6-1; N, 8-45%). Heating at 100°/0-1 mm. for 6 hours gave the solvent-free salt of unchanged m. p. 
(Found: C, 73-7; H, 5-7; N, 9-25. C,,H,,N,,HCl requires C, 73-9; H, 5-55; N, 9-1%). 


(b) The orange base was boiled with dilute hydrochloric acid, and the clear solution on cooling 
deposited the above monohydrochloride, which when similarly recrystallised had the same m. p. (alone 
and mixed). It should be emphasised that this hydrochloride can be obtained by the action of the cold 
acid on the orange base; the solubility of the hydrochloride is so low, however, that particles of the 
unchanged base tend to become covered with a protective layer of hydrochloride; warming was therefore 
employed to obtain a clear solution and hence complete conversion. 


Monotoluene-p-sulphonate. (a) The yellow base and toluene-p-sulphonic acid (1 mol.) were mixed 
in ethanolic solution under nitrogen at room temperature, and set aside. The solution was deep red but 
deposited green crystals. The latter on recrystallisation from ethanol became first pale green and 
ultimately gave clear yellow crystals of the monotoluene-p-sulphonate, m. p. 253—260° (darkening and 
sintering at 237°), unchanged by further crystallisation (Found: C, 69-95; H, 54; N, 6-2. 
C,,H,.N,,C;H,O,S requires C, 70-2; H, 5-4; N, 63%). The same salt was obtained by heating the 
yellow base with the acid (2 mols.) without a solvent in a sealed and evacuated tube. 

(b) When the orange base was added to an ethanolic solution of toluene-p-sulphonic acid, a yellow 
solution with the green fluorescence characteristic of the salts of the orange base was at once obtained. 
The mixture was warmed to dissolve all the base and, on cooling, the sulphonate of the orange base 
crystallised ; after purification it had the same indefinite m. p. (mixed and unmixed) as that prepared 
above. 


Monomethiodide. When the orange base was boiled with an excess of methyl iodide, combination 
rapidly occurred; the precipitated methiodide, when twice rec ised from methanol, formed yellow 
crystals, m. p. 220° * (decomp.) (Found: C, 57-9; H, 4:35; N, 7-0%). 

M ne-p-sulp This was prepared isely as that of the yellow base. 
Recrystallisation from ethyl methyl ketone gave bright yellow crystals of the sulphonate, m. p. 171— 
171-5° * (Found: C, 71-3; H, 5-6; N, 60%). This salt, treated with sodium iodide in acetone solution, 
was converted into the foregoing methiodide. 
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Conversion of the Orange Base into the Yellow Base.—The former was heated in a sealed evacuated tube 
at 200° for 20 minutes. The Product, once recrystallised from ethanol, gave bright yellow plates of the 
yellow base, m. p. 149—149-5° (alone and mixed). 


Oxidation hang Yellow Base.—(a) The finely powdered crystals were heated in a stream of air at 110° 
for 6 hours. e brown product was extracted with boiling methanol, and the extract then boiled with 
charcoal, filtered, and cooled. The 3-hketoquinolino(2’ : 3’-1 : 2)juloline (X) which separated was collected 
and after further recrystallisation from methanol gave cream-coloured needles, m. p. 177° (Found : 
C, 79-7; H, 5-0; N, 9-6. C,,H,,ON, requires C, 79-7; H, 4:9; N, 9-8%). 


(b) A cold benzene solution of the base was exposed to the air at room temperature for one week, more 
benzene being added occasionally to replace that lost by evaporation. The solution was then allowed 
to evaporate to dryness, and the solid residue, when recrystallised from methanol, gave cream-coloured 
needles, m. p. 177°, alone and when mixed with the product from (a). 


(c) A cold acetone solution of potassium permanganate was added dropwise to a similar solution of 
the yellow base (with intermittent centrifuging to separate the precipitated manganese dioxide) until a 
faint persistent colour remained. The decanted solution was evaporated, and the residue, once 
recrystallised from methanol, furnished the above oxidation product, m. p. 176-5—177° (alone and 
mixed). 


Oxidation of the Orange Base.—The base, when exposed in benzene solution to the air at room 
temperature, underwent rapid oxidation. In one experiment, oxidation was complete in 3 hours, and 
the product after crystallisation from methanol was identical with that obtained from the yellow base 
and had the same m. p. (alone and mixed). 


When toluene-p-sulphonic acid was added to an ethanolic solution of the ketone (X), the yellow 
crystalline toluene-p-sulphonate was precipitated, and after recrystallisation from ethanol had m. p. 203° 
(Found: C, 67-95; H, 4-9; N, 6-2. C,,H,,ON,,C,H,O,S requires C, 68-1; H, 4:8; N, 61%). 


The ketone (X) was unaffected when boiled with methyl iodide under reflux for 1 hour. 


Attempted Hydrogenation of the Yellow Base.—A solution of the base, containing Adams's platinum 
catalyst, was subjected to hydrogen at 50 atms. for 6 hours at 80°, but the unchanged base, m. p. 144— 
147°, was subsequently recovered. The experiment was repeated at 100° using Raney nickel and 
hydrogen at 75 atms.: the solution became decolorised but on evaporation only an uncrystallisable 
pale yellow gum was obtained. 


Attempted Oxidation of the Quaternary Salis.—For these experiments the monomethotoluene-p- 
sulphonates, and not the methiodides, had clearly to be employed. When the sulphonate of the yellow 
base was heated in a stream of air at 180° for 6 hours, a black tar resulted, and no well-defined product 
could be isolated. When a solution of the salt in aqueous acetone was treated with an acetone solution of 
potassium permanganate, some oxidation appeared to occur but no recognisable product could be 
isolated. 


When the sulphonate of the orange base was heated in a stream of air at 125—150° for 4 hours, it was 
almost entirely unaffected. Attempted oxidation in acetone with permanganate again gave no definite 
product. 


1-Ketojulolidine Phenylhydrazone.—A solution of the ketone (25 g.), phenylhydrazine (20 g., 1-4 mols.), 
and acetic acid (2 c.c.) in ethanol (125 c.c.) was boiled under reflux for 1-5 hours and then cooled. The 
phenylhydrazone (31 g., 84%) which separated formed pale yellow crystals from ethanol, m. p. 117-5° * 
(Found: N, 15-4. C,sH,)N, requires N, 15-15%). 


Indolisation.—(a) By aqueous sulphuric acid. The phenylhydrazone (6 g.) was added to a warm 
mixture of concentrated sulphuric acid (12 c.c.) and water (108 c.c.), which was then boiled under reflux 
in a nitrogen atmosphere for 30 minutes and then set aside for 2 hours. The sulphate which had 
separated was collected, dissolved in hot water, and basified with 10% aqueous sodium hydroxide 
solution. The precipitated base was collected, thoroughly washed with boiling water, dried, and 
recrystallised five times from light petroleum (b. p. 60—80°)-ethanol (3-5 : 1 by vol.), all these operations 
being conducted under nitrogen. The pale yellow needles of the y-indole (XV), after drying at 
85°/0-01 mm. for 1 hour, had m. p. 198—199°. The following analyses show the variation in carbon and 
hydrogen values for different samples all of which were prepared in this way and had almost 
identical m. p.s (Found: C, 83-1, 82-7, 82-1, 83-4; H, 5-7, 5-9, 6-0; N, 11-1. C,sH,,N, requires C, 
83-7; H, 5-5; N, 10-8%). 

Hydrochloride of the p-indole (XV). When ethanolic hydrogen chloride was added to an ethanolic 
solution of the yellow crystals, the hydrochloride was precipitated as colourless crystals, which when dried 
in a vacuum had m. p. 448° * (Found: C, 73-3; H, 5-4; N, 9-5. C,,H,,N,,HCl requires C, 73-3; H, 
5:1; N, 95%). 

The methiodide was readily formed when a solution of the yellow crystals in methanolic methy] iodide 
was boiled: the colourless crystals after recrystallisation from methanol ani drying at 0-1 mm. had 
m. p. 364° * (Found : C, 56-9; H, 4-45. C,,H,,N,I requires C, 57-0; H, 4-3%). 


(b) By hydrogen chloride. The hydrazone forms an almost insoluble hydrochloride in ethanolic 
hydrogen chloride. Consequently, a solution was prepared by boiling the hydrazone (5 g.) with 
saturated ethanolic hydrogen chloride (200 c.c.) previously diluted with water (125 c.c.). The colour of 
the solution rapidly became deep red and then faded to orange. After 4 hours’ heating, the solution 
was filtered hot and set aside for 48 hours. A first crop of hydrochloride (1 g.) was then collected, and 
after 14 days a second crop which had slowly separated was also collected. Fhe first crop was found to 
be richer in the high-melting base, whilst the second crop contained mainly the above low-melting base. 











[1951] Polycyclic Indolo- and Quinolino-derivatives. Part II. 1905 


The first crop was basified by vigorous shaking with chloroform (5 c.c.) and 5% aqueous sodium 
hydroxide (5 c.c.), and the chloroform extract was dried and evaporated. e crude residual base was 
thrice recrystallised from ethanol; at each recrystallisation, the crystals were collected when about half 
the crop had separated. By these means the less soluble form of the ¢-indole was obtained — as 

llow crystals, which after being heated at 80°/0-2 mm. for 1-5 hours had m. p. 223—-224°,* unchanged 
oe further recrystallisation. The following show the variation in analytical results of different samples 
of the same m. p. (Found: C, 82-5, 83-3, 83-8, 82-6; H, 6-05, 5-9, 5-75, 5-9; N, 106%). Whena 
saturated ethanolic solution of hydrogen chloride was added to a similar solution of this hase, almost 
white crystals of the hydrochloride, m. p. 437° with preliminary darkening, separated; there was 
insufficient for analysis. 


The second crop of hydrochloride from the indolisation was similarly converted into the base, which 
when recrystalli four times from ethanol gave yellow crystals; these after ing at 110°/0-2 mm. for 
1 hour had m. p. 198-5—199-5°, unchanged either by two recrystallisations from benzene or by admixture 
with the base obtained in (a). Analytical results similar in range to those previously cited for this low- 
melting form were obtained on the compound prepared by this method. 


The ¥-indole of m. p. 198° was recovered unchanged after the powdered crystals had been heated at 
85° in an oxygen atmosphere for 1-5 hours, and also after a stream of oxygen was passed for 14 hours 
through a boiling solution of the base in light petroleum-ethanol. The precautions taken against 
atmospheric oxidation in the earlier experiments were therefore apparently unnecessary. 


1-Ketojulolidine Methylphenylhydrazone.—This was prepared precisely as the phenylhydrazone, 
using, however, the ketone (7-8 g.), methylphenylhydrazine (7-4 g., 1-4 mols.), acetic acid (0-7 c.c.), and 
ethanol (40 c.c.). The crude hydrazone (9-3 g., 77% yield) after crystallisation from ethanol formed 
deep yellow crystals, m. p. 72° * (Found: C, 78-15; H, 7-7; N, 14:5. C, H,,N;, requires C, 78-3; H, 
7-3; N, 144%). 


Indolisation.—The hydrazone (5-4 g.) was boiled under reflux with a solution of sulphuric 
acid (10-8 c.c.) and water (100 c.c.) for 1 hour under nitrogen and then set aside over-night. The 
crystalline indole sulphate which separated proved initially difficult to decompose; the free base was 
ultimately isolated by slowly adding a solution of the sulphate in boiling water (100 c.c.) to a boiling 
aqueous 10% sodium hydroxide solution (200c.c.). The mixture was then boiled vigorously for 10 minutes, 
then cooled, and the aqueous solution decanted from the pale yellow oil which had separated. This oil 
was boiled with water (100 c.c.) which was also decanted. The oil was dried by distillation of its 
suspension in light petroleum (b. p. 100—120°), during which process the non-volatile oil crystallised. 
These crude c tals, after two recrystallisations from ethanol, had m. p. 115—175°, then after one 


crystallisation from light petroleum (b. p. 100—120°), m. p. 175—205°, and finally after three more 
crystallisations from ethanol, m. qv 1—211-5°; the white crystals so obtained were the pure 3-heto-1’- 


methylindolo(2’ : 3’-1 : 2)juloline VII) (Found: C, 79-1; H, 55; N, 9-6. C,sH,,ON, requires C, 
79-15; H, 56; N, 97%). A further a from ethanol left the m. p. and composition 
unaltered (Found: C, 79-2; H, 545%). his compound in ethanolic solution readily gave a picrate, 
which after tallisation from ethanol furnished orange needles, m. os 170—170-5° * (Found: C, 
57-95; H, 3-5; N, 13-75. C,,H,,ON,,C,H,O,N, requires C, 58-0; H, 3-7; N, 135%). There is very 
little doubt, therefore, that in spite of the precautions taken to avoid atmospheric oxidation, the crude 
— consisted of the required methylindolo-compound and the oxidised product (XVII), and that the 
tter compound, being less soluble, was ultimately isolated in the pure state. 


We are greatly indebted to Dr. R. N. Haszeldine and Dr. N. Shep for the spectroscopic evidence 
cited above, to Mr. G. Ingram of Messrs. Courtaulds Ltd., Maidenhead, for considerable help in the 
analyses, and to the Department of Scientific and Industrial Research for a grant (B. B. S.). 


UNIVERSITY CHEMICAL LABORATORY, CAMBRIDGE. (Received, March 3rd, 1951.]} 
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421. The Structure and Properties of Certain Polycyclic Indolo- 
and Quinolino-derivatives. Part I11.* Derivatives of 
1:2:2a:3:4:5:8:9:10: 10a-Decahydro-5 : 8-diketo-2a : 10a- 
diazapyrene.t 

By C. Y. Atmonp and FREDERICK G. MANN. 


Dicyclisation of 1 : 4-bis-2’-cyanoethyl-1 : 2 : 3 : 4-tetrahydroquinoxaline 
gives the diketo-diazapyrene (II) named in the title; the bisphenylhydrazone 
of this undergoes normal indolisation to the di-indolo-derivative (IV), unlike 
previous phenylhydrazones in this series which give y-indoles. When the 
diketo-diazapyrene is subjected to the Pfitzinger reaction with isatin, it 
yields the corresponding bisquinolino-dicarboxylic acid (V), which can be 
decarboxylated to the bisquinolino-derivative (VI). Both the acid and the 
decarboxylated derivative undergo ready oxidation, the latter furnishing 
the diketo-diquinolino-derivative (VII). 


In continuation of our studies of the colour and structure of cyclic keto-amines and their 
quinolino- and indolo-derivatives, we have converted 1 : 2 : 3 : 4-tetrahydroquinoxaline by the 
action of vinyl cyanide into the colourless crystalline 1 : 4-bis-2’-cyanoethyl-1 : 2 : 3 : 4-tetra- 
hydroquinoxaline (I). This compound, when heated in chlorobenzene with aluminium chloride 
and hydrochloric acid, underwent dicyclisation, and the product on hydrolysis gave 
1:2:2a:3:4:5:8:9: 10: 10a-decahydro-5 : 8-diketo-2a: 10a-diazapyrene (II). This di- 
keto-diamine formed brilliant deep red crystals, and was apparently too feebly basic to form 
salts with even strong acids. The reason for the deep colour and feeble basicity is almost 
certainly the considerable contribution which the polar form (IIA) must make to the resonance 
hybrid. A similar explanation was suggested for the properties of 1-ketojulolidine (Mann and 
Smith, preceding paper), but the duplication of the polar factor in the compound (II) would 
cause the greater intensity of colour. This receives some support from the fact that solutions 
of the diketo-diamine in concentrated hydrochloric acid are very deep red, in glacial acetic acid 
bright red, and in carbon tetrachloride greenish-yellow and fluorescent. It would appear 
therefore that salt formation with strong acids involves effectively the addition of protons to the 
negative oxygen atoms in (IIA), i.e., the formation of a cation identical with (IIA) except 
that the oxygen atoms are replaced by hydroxyl groups, and that the consequent marked 
increase in the proportion of the (ILA) structure causes the increased intensity of the red colour. 

It is noteworthy that the dicyano-compound (I) could be readily hydrolysed to 1 : 4-bis-2’- 
carboxyethyl-1 : 2 : 3 : 4-tetrahydroquinoxaline (III), but attempts to cyclise this acid to 
the diketone (II) by phosphoric anhydride, phosphorus oxychloride, or sulphuric acid were 
unsuccessful. 

The deep red colour of the diketone (II) is apparently a characteristic property, for the 
bisphenylhydrazone formed golden crystals. The latter, when indolised by boiling ethanolic 
hydrogen chloride, ultimately furnished bright yellow crystals of 1:2: 2a:3: 10: 10a-hexa- 
hydrodi-indolo(3’ : 2’-4 : 5)(2” : 3’’-8 : 9)-2a: 10a-diazapyrene (IV), m. p. 438—439°. No 
indication of ¥-indole formation was detected in this indolisation, in which respect it differs 
markedly from that of the phenylhydrazones of tetrahydro-4-ketoquinoline (Clemo and Perkin, 
J., 1924, 125, 1608), of tetrahydro-4-keto-l-phenylquinoline (Mann, J., 1949, 2816), and of 
1-ketojulolidine (Mann and Smith, Joc. cit.). 

When the diketone (II) and isatin were boiled together with ethanolic potassium hydroxide 
solution under nitrogen, acidification ultimately furnished 1 : 2: 2a: 3: 10: 10a-hexahydrodi- 
quinolino(3’ : 2’-4 : 5)(2” : 3’’-8 : 9)-2a : 10a-diazapyrene-4’ : 4’’-dicarboxylic acid (V) as dark- 
green crystals, m. p. 242—246°, which could not be purified but gave a disodium salt as 
bright red crystals which darkened rapidly on exposure to air, presumably by atmospheric 
oxidation. It is probable that the marked difference in colour between the acid and its 
sodium salt is due to the former existing as a zwitterion, the resonance possibilities of which 


* Part II, —— pape 


+ Note on Nomenclature. "This diketo-compound is regarded as a derivative of pyrene, and the ring 
system is therefore numbered as in (II). 
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will differ from those of the acid anion: this explanation is parallel to that given in detail for 
1 : 2-dihydro-1-phenylquinolino(3’ : 2’-3 : 4)quinoline-4’-carboxylic acid (Mann, Joc. cit.), and 
also for quinolino(2’ : 3’-1 : 2)juloline (Mann and Smith, Joc. cit.). 


(CH,),CN 


When the acid (V) was heated in a high vacuum, decarboxylation occurred, with 
sublimation of 1:2: 2a@:3: 10: 10a-hexahydrodiquinolino(3’ : 2’-4 : 5)(2” : 3’’-8 : 9)-2a : 10a- 
diazapyrene (VI) as bright red crystals, m. p. 156—158°. These on exposure to air also darkened 
apparently with atmospheric oxidation, which however, unlike earlier examples, could not be 
conveniently taken to completion by these means. When, however, the amine (VI) was treated 
with potassium permanganate, both reagents in cold acetone, oxidation was rapidly complete, 
with the formation of the orange crystalline 1: 2: 24:3: 10: 10a-hexahydro-3 : 10-diketodi- 
quinolino(3’ : 2’-4 : 5)(2” : 3’’-8 : 9)-2a: 10a-diazapyrene (VII), m. p. 428—430°. By analogy 
with similar oxidation products previously studied, there is no reasonable doubt that oxidation 
has occurred at the methylene groups adjacent to the quinoline rings, i.e., at the 3- and the 
10-position, and not at the 1- and the 2-position of the diazapyrene ring. 

The absorption spectra are shown in the Figure. The compounds (II) and (VI) were 
measured in ethanolic solution, but the low solubility of (IV) necessitated the use of 2-methoxy- 
ethanol, the strong absorption of which severely limits the range of the spectrum. The spectrum 
(A) of (II) has maxima at 232 (e 20,600), 269 (7300), 330 (7900), and 480 muy. (5450), and 
minima at 263 (7000), 285 (4000), and 377 my. (320). The spectrura (B) of (IV) has mu.,,,, 330 
(e 55,700) and my.min, 272—274 (23,100). The spectrum (C) had myn. 252 (c 40,400) and 
387 (33,800) and my.min, 234 (e 37,400) and 327 (9100). It is possible that the marked absorption 
of (IV) at 230 mu. and of (VI) at 387 mu. is due in each case to the long conjugated systems and 
that it is the greater length of this conjugated chain in (VI) which has shifted its absorption to 
longer wave-lengths than that of (IV). 
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EXPERIMENTAL. 


1: 2:3: 4-Tetrahydroquinoxaline.—Catechol (48 g.) and ethylenediamine hydrate (50 g.) were heated 
together at 200—210° for 15 hours in an autoclave, and the cold product, when washed with water, 
dried, and recrystallised from light petroleum (b. z. 80—100°), furnished the quinoxaline as golden 
yellow plates, m. p. 96—97° (cf. Merz and von Ris, Ber., 1887, 20, 1191). 


1 : 4-Bis-2’-cyanoethyl-1 : 2 : 3 : 4-tetrahydroquinoxaline (1).—A solution of the quinoxaline (20 g.) in 
acetic acid (45 g.) was boiled under reflux whilst vinyl cyanide (32 g.) was added during 30 minutes. The 
mixture was then boiled for 7 hours, cooled, neutralised with saturated sodium carbonate solution, and 
extracted with chloroform. Evaporation of the dried extract gave a residue of the 2’-cyanoethyl 
compound (I), which after recrystallisation from ethanol (charcoal) gave colourless crystals (27-9 g., 
80%), m. p. 88-5—89° (Found: C, 69-9; H, 6-6; N, 23-3. C,,H,,N, requires C, 69-8; H, 6-7; N 
23-4%). 

1 : 4-Bis-2’-carboxyethyl-1 : 2:3: 4-tetrahydroquinoxaline (III).—A mixture of the cyanoethyl 
compound (I) (30 g.), potassium hydroxide (60 g.), and water (400 c.c.) was boiled under reflux for 
3 hours, cooled, and acidified with hydrochloric acid. The 2’-carboxyethyl compound (III) was 
precipitated at pH 4, collected, and recrystallised from aqueous ethanol; it | allawe pale pink (almost 
white) crystals (24 g., 71%), m. p. 136—137° (Found: C, 60-0; H, 6-3; N, 10-2. C,,H,,O,N, requires 
C, 60-4; H, 65; N, 10°:1%). 





60,000 
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(A) The diketo-diamine (11) in ethanolic solution. 
(B) The di-indolo-derivative (IV) in 2-methoxyethanol solution. 
(C) The diquinolino-derivative (V1) in ethanolic solution. 





1:2:2a:3:4:5:8:9: 10: 10a-Decahydro-5 : 8-diketo-2a: l0a-diazapyrene (II).—The 2’-cyano- 
ethyl compound (I) (20 g.) was added to a mixture of powdered anhydrous aluminium chloride (60 g.), 
chlorobenzene (250 c.c.), and concentrated hydrochloric acid (3 c.c.), which was then heated with stirring 
at 140—160° for 6 hours. The product was then mixed with ice-water and distilled with steam to 
remove the chlorobenzene. The diketone (II) separated from the cold residue, and when collected, 
washed, dried, and recrystallised from ethanol gave brilliant red crystals (12-5 g., 63%), m. p. 245—246° 
(Found: C, 69-1; H, 5-7; N, 11-55. C,,H,,O,N, requires C, 69-4; H, 5-8; N, 11-6%). 

When pure phenylhydrazine (20 c.c.) and acetic acid (2 c.c.) were added to a solution of the diketone 
(II) (3 g.) in boiling ethanol (350 c.c.), and the mixture was then heated under reflux for 1 hour, the 
bisphenylhydrazone separated as golden plates (4 g., 77%), m. p. 242—244°, the low solubility of which 
prevented recrystallisation (Found: C, 74-0; H, 5-9; N, 20-9. C,,H,,.N, requires C, 73-9; H, 6-2; 
N, 19-9%). 

1:2: 2a:3: 10: 1l0a-Hexahydrodi-indolo(3’ : 2’-4 : 5)(2’’ : 3’’-8 : 9)-2a : 10a-diazapyrene (IV).—A 
mixture of the bisphenylhydrazone (2 g.), ethanol (125 c.c.), and saturated ethanolic hydrogen chloride 
(125 c.c.) was boiled under reflux for 3 hours. The pale brown precipitate which had separated was 
collected, washed with ethanol, and dissolved in hot water. Basification then precipitated the 
di-indolo-compound (IV), which was insoluble in almost all the common organic solvents, but 
recrystallised from 2-methoxyethanol as a bright yellow crystals (0-9 g., 50%), m. fF 438— 
439° (Found: C, 79-6; H, 5-4; N, 13-9. C,,H,,N, requires C, 79-8; H, 5-7; N, 143%). The very 
high m. p. raised a doubt as to whether, in spite of the above analysis, this compound was actually a 
#-indole. An examination of the infra-red spectrum of the thoroughly dried material, kindly under 
taken by Dr. R. N. Haszeldine, shows the -NH- band in the 3-p. region, and the compound cannot 
therefore be the bis-y-indole. The intermediate possibility, namely, that one of these groups is a true 
indole and the other a #-indole, is so improbable that it can reasonably be ignored. 


1:2:2a:3: 10: l0a-Hexahydrodiquinolino(3’ : 2’-4 : 5)(2’ : 3’’-8 : 9)-2a : l0a-diazapyrene-4’ : 4’’-di- 
carboxylic Acid (V).—A mixture of the diketone (II) (4 g.), isatin (8 g.), 30% aqueous potassium hyroxide 
(48 c.c.), and ethanol (80 c.c.) was boiled under reflux under nitrogen for 18 hours. The cold solution 
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- was poured into air-free water, and the acid (V) then precipitated with acetic acid, all these tions 
being performed under nitrogen. The minute dark green crystals of the acid (V), when collected, washed 
with ethanol, and dried, m. p. 242—246° (evacuated tube); the yield was 7 g. (85%). 

No satisfactory solvent for recrystallisation of the acid was found. The disodium salt was therefore 
prepared by dissolving the acid in boiling 20% aqueous sodium hydroxide; on cooling, the red sodium 
salt separated, and was recrystallised from 10% air-free sodium hydroxide solution as bright red c 
which darkened rapidly on exposure to air (Found: N, 10-5. C,,H,,0,N,Na, requires N, 10-3%). 

1:2:2a:3: 10: l0a-Hexahydrodiquinolino(3’ : 2’-4 : 5)(2’ : 3’’-8 : 9)-2a: l0a-diazapyrene (V1).—The 
acid, when heated in a sublimation apparatus at 300°/0-01 mm., underwent decarboxylation and the 
dark red amine (VI) sublimed; it was purified by sublimation at 210—-220°/5 x 10° mm. and obtained 
as a bright red crystalline powder, m. p. 156—158° (evacuated tube), which darkened on exposure to air 
(Found: C, 81-9; H, 5-3; N, 13-4. C,,H,)N, requires C, 81-5; H, 4-9; N, 13-6%). 

1:2: 2a:3:10: 10a-Hexahydro-3 : 10-diketodiquinolino(3’ : 2’-4 : 5)(2’’ : 3’’-8 : 9)-2a : 10a-diazapyrene 
(VII).—A cold saturated acetone solution of potassium aa was added with stirring to a 
solution of the amine (3 g.) in acetone (500 c.c.) until a faint pink colour remained. The precipitated 
manganese dioxide was collected, and evaporation of the filtrate left a residue of the diketo-compound. 
The major portion of the latter had however been adsorbed by the manganese dioxide from which it was 
removed by repeated extraction with acetone. The united residues from the acetone evaporation were 
recrystallised from dry freshly-distilled pyridine, and the diketo-compound (VII) obtained as fine orange 
crystals (1-3 g., 41%), m. p. 428—430° (Found: C, 76:1; H, 40; N, 13-0. C,,H,,O,N, requires C, 
76-35; H, 3-7; N, 12-7%). 


We are greatly indebted to Dr. R. N. Haszeldine for the spectroscopic investigation, and to the 
Department of Scientific and Industrial Research for a grant (to C. Y. A.). 


UNIVERSITY CHEMICAL LABORATORY, CAMBRIDGE. (Received, March 3rd, 1951.) 





422. The Structure and Properties of Certain Polycyclic Indolo- and 
Quinolino-derivatives. PartIV.* Derivatives of 1-Thiochroman-4-one 
and of 2-Thioisochroman-4-one. 


By A. K. Kianc and Frepericx G. Mann. 


The phenylhydrazones of the above thiochromanones undergo normal 
indolisation, and the formation of ¥-indoles, which is a characteristic feature 
of several phenylhydrazones previously studied, does not occur. Both the 
above isomeric phenylhydrazones undergo ready oxidation to the correspond- 
ing sulphoxides in hot ethanolic solution, a property which is not shared by 
the parent thiochromanones or the indolo-derivatives. 

The thiochromanones undergo the Pfitzinger reaction with isatin to give the 
quinolino-carboxylic acids, which can be decarboxylated to tie corresponding 
quinolino-thiochromens. The latter compounds show one surprising differ- 
ence, for the product from 1-thiochromanone when treated with cold per- 
manganate is oxidised to the sulphone, whereas that from 2-thioisochromanone 
is oxidised to the 1-keto-derivative, the sulphur being unattacked. 


THE cyclic keto-amines hitherto studied in this investigation have all contained essentially 
the 1: 2:3: 4-tetrahydro-4-ketoquinoline system (I), the nitrogen atom being either linked 
to an aryl group or forming part of another ring. Certain characteristics of this system have 
become apparent. (a) When the phenylhydrazone of the keto-amine is subjected to indolis- 
ation, a ¥-indole usually results. This is true for the phenylhydrazone of the parent tetra- 
hydro-4-ketoquinoline (Clemo and Perkin, J. 1924, 125, 1608), of the 1-phenyl derivative 
(Mann, J., 1949, 2816) and of the 1-ketojulolidine (Mann and Smith, J., 1951, 1898) but not of 
1:2:24:3:4:5:8:9: 10: 10a-decahydro-5 : 8-diketo-2a : 10a-diazapyrene (Almond and 
Mann, /., 1951, 1906). Salt formation by these y-indoles usually involves the acceptance of a 
positive charge by the 1]-quinolino-nitrogen atom. (b) When the keto-amine is subjected to 
the Pfitzinger reaction with isatin, the resulting amino-acid is markedly different in colour from 
its salts; the decarboxylated amine, however, often resembles in colour the salts of the acid, 
whereas the salts of the amine resemble in colour the original amino-acid. These colour relations 
have been explained on the basis of the resonance of the amino-acid (which acts as a zwitterion) 


* Part III, preceding paper. 
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and of the ions produced by salt formation of the acid and the amine; this resonance also in- 
volves the possibility of the l-nitrogen atom in the system (I) accepting a positive charge. 
(c) Finally, the decarboxylated amines undergo very ready oxidation, the 2-methylene group 
in (I) being converted into the CO group. 


0 
CH, 
(III.) 


Since these reactions appeared to depend markedly on the position and properties of the 
l-nitrogen atom, it was of interest to see if similar properties were shown by a heterocyclic 
system which would be closely similar to (I), except that the 1-nitrogen atom would be replaced 
by an element from a different Group, but which could nevertheless also accept a positive 
charge, so that the resonance possibilities would closely resemble those of the system already 
investigated. 

For this purpose, we have selected 1-thiochroman-4-one (II) which satisfies the above con- 
ditions, and also 2-thiotsochroman-4-one (III), in order to study the effect of the change in position 
of the hetero-atom. The derivatives of these ketones show many similarities but also some 
unexpected differences. 

1-Thiochromanone (II) gives a pale yellow crystalline phenylhydrazone (IV) which when 
boiled with ethanolic hydrogen chloride undergoes indolisation to indolo(3’ : 2’-3 : 4)-thio- 
chromen (V). No indication of the formation of ay-indole was detected. Itis noteworthy, how- 
ever, that whereas the chromanone (II) and its indolo-derivative (V) are apparently unaffected 


C:N-NHPh 
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by air, either in the crystalline state or in hot organic solvents, the intermediate hydrazone 
(IV), when boiled in ethanolic, n-propanolic, or ethereal solution, undergoes ready atmospheric 
oxidation to the corresponding sulphoxide, the structure of which has been placed beyond 
reasonable doubt by an infra-red spectroscopic examination by Dr. N. Sheppard. 

When 1-thiochromanone is boiled with isatin in alkaline solution, subsequent acidification 
ultimately gives quinolino(3’ : 2’-3 : 4)-1-thiochromen-4’-carboxylic acid (VI) as yellow crystals, 
m. p. 244—248° (decomp.), which however give a colourless potassium salt. The acid (VI) on 
decarboxylation gives quinolino(3’ : 2’-3 : 4)-1-thiochromen (VII) as almost colourless crystals, 
m. p. 101—102°, which however give an orange hydrochloride. 
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The interpretation of these colour relations must be closely similar to that already given 
(Mann, loc. cit.) for 1: 2-dihydro-l-phenylquinolino(3’ : 2’-3 : 4)quinoline-4’-carboxylic acid 
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and the corresponding decarboxylated amine. There is little doubt that the acid (VI) is a 
zwitterion, which will exist as a resonance hybrid to which the three canonical forms (VIa), 
(VIb), and (VIc) will contribute, and that it is this resonance, involving in particular the 
o-quinonoid structures, which is responsible for the yellow colour of the acid. When, however, 
this zwitterion structure is destroyed by the formation of a potassium salt, the resonance 
of the cation becomes much more limited and the salt is therefore colourless. The decarboxylated 
thio-amine (VII) will also show this very restricted resonance and is also colourless, but its 
hydrochloride will possess a cation which will have the three canonical forms precisely similar to 
(VIla—c), except that the CO, group is replaced by an (uncharged) hydrogen atom, and hence 
this salt has the orange colour. The change from the highly polar structure of the zwitterion 
(VI) to the uncharged amine (VII) might also account for the considerable fall in melting 
point which accompanies this change. 

The thio-amine (VII) is in striking contrast to the corresponding diamines previously 
studied in that it does not undergo atmospheric oxidation, and in particular the 2-methylene 
group is quite stable. When the thio-amine is treated with potassium permanganate in acetone 
solution, however, oxidation occurs solely to the sulphone (VIII), the structure of which has 
been determined by both chemical and infra-red spectroscopic analysis. 

It is noteworthy that the thio-amine (VII) is unaffected by boiling methyl iodide. This 
reluctance of the quinolino-nitrogen atom to undergo quaternisation has been shown by all 
similar compounds previously examined in this series. The thio-amine (VII) does, however, 
readily give a sulphilimine when boiled with an ethanolic solution of chloramine-t. 

The corresponding reactions with 2-thioisochroman-4-one (III) exhibit several points of 
considerable interest. This compound also gives a phenylhydrazone (1X) which in turn gives 
indolo(3’ : 2’-3 : 4)-2-thioisochromen (X). Again, Whereas the isochromanone (III) and the 
indolo-derivative (X) are stable, the intermediate hydrazone (IX) when boiled in ethanolic 
solution undergoes ready oxidation to the sulphoxide. The reason for the high susceptibility 
to atmospheric oxidation shown by the isomeric hydrazones (IV) and (IX) is at present obscure. 

The 2-thioisochromanone (III) when subjected to the Pfitzinger reaction gave quinolino- 
(3’ : 2’-3 : 4)-2-thioisochromen-4’-carboxylic acid (XI), m. p. 250—260° (decomp.), which also 
formed yellow crystals but gave an almost colourless potassium salt. Decarboxylation of the 
acid (XI) gave quinolino(3’ : 2’-3 : 4)-2-thioisochromen (XII), m. p. 70°, which was almost 
colourless but gave a bright yellow hydrochloride. The acid (XI) also doubtlessly exists as a 
zwitterion, but differs from its isomer (VI) in that the resonance hybrid receives contributions 
only from the canonical forms corresponding to (VIa) and (VIb) : a form of type (VIc) having the 
o-quinonoid sulphonium group is not possible for the acid (XI). The same applies to the 
hydrochloride of the thio-amine (XII), in which the cation has forms corresponding only to 
(VIa) and (VIb), and it is probably this less complex resonance which causes this salt to be 
yellow whilst that of the isomer (VII) is orange. 
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The most remarkable property of the thio-amine (XII) is that, although it does not undergo 
atmospheric oxidation, it is readilyoxidised bya colcl acetone solution of potassium permanganate 
to 1-ketoquinolino(3’ : 2’-3 : 4)-2-thioisochromen (XIII), the identity of which has again been 
established by chemical and infra-red spectroscopic analysis. This oxidation is of course 
parallel to that encountered in the diamines previously studied, except that in certain of the 
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latter compounds it was necessarily the 2-methylene group of the pyridine ring which was 
oxidised. The striking factors are (a) that this oxidation should now occur only in the 2-thio- 
isochromen compound instead of the 1-thiochromen derivative, where the oxidation, had it 
occurred, would have affected the 2-methylene group and hence would have been precisely 
similar to previous examples, (6) that the sulphur atom in the 2-thioisochromen compound 
(XII) should be so resistant to oxidation that it remains unaffected whilst the methylene group 
is oxidised to the keto-group, and (c) that the sulphur atom in (XII) readily reacts with chlor- 
amine-T to give a sulphilimine and hence in this reaction has normal reactivity. 

Infra-red Absorption Spectra.—Dr. N. Sheppard reports: ‘‘ The oxidation product (VIII). 
Barnard, Fabian, and Koch (J., 1949, 2442) have shown that sulphone groups with normal 
aliphatic or aromatic substituents have strong absorption bands in the regions 1160—1120 
and 1340—1295 cm.-!, whereas sulphoxides have a single strong absorption in the region 1060— 
1030 cm.-'. The infra-red spectrum of the product (VIII) as a powdered mull in Nujol has 
markedly strong absorption bands at 1158 and 1303 cm.-!, which are consistent with the sulphone 
structure. No strong absorption band was found in the region characteristic of sulphoxides, 
or in the well-known infra-red spectral regions characteristic of OH or C:O groupings. 

“* The oxidation product (XIII). The spectrum of this compound as a mull in Nujol showed 
no strong absorption bands in the regions characteristic of sulphone or sulphoxide groupings, 
nor could any OH absorption bands be detected. It did, however, have a strong absorption 
band near 1650 cm.-!, which because of its intensity is probably caused by the presence of a 
C:O group. The frequency of this band is consistent with the structure (XIII). The conjug- 
ation of such a C:O group with the benzene ring would normally give rise to an absorption 
band between 1670 and 1690 cm.-! in purely hydrocarbon surroundings, and the neighbouring 
sulphur atom would probably cause a shift to lower frequencies to give the value found near 
1650 cm.-!; cf. acetone (gas) 1724 cm.-', thioacetic acid (gas) 1696 cm.-' (Price, J. Chem. 
Physics, 1941, 9, 725; Sheppard, Trans. Faraday Soc., 1949, 45, 693). 

“* The oxidation products of the phenylhydrazones (IV) and (IX). It was hoped to obtain 
infra-red spectroscopic evidence to show whether oxidation had resulted in the formation of an 
N->O or SO (sulphoxide) grouping. As previous work on the infra-red spectrum of molecules 
containing N->O linkages seemed insufficient to give any reliable correlation rule for this 
grouping, reliance could be placed only on obtaining positive evidence for the S>O linkage 
which should give a strong absorption in the region 1060—-1030 cm.-! when alkyl or aryl groups 
are joined to the sulphur atom (Barnard e¢ al., loc. cit.). The infra-red spectra of the oxidation 
products of (IV) and (IX) as Nujol mulls actually showed outstandingly strong absorption 
bands near 1020 and 1000 cm.-' respectively. Although these are somewhat outside the usual 
correlation region for SO groupings, the fact that the sulphur atom is part of a ring might 
explain the slightly shifted frequencies, and hence it seemed possible that these absorption 
bands were those of the respective sulphoxides. In order to place the analysis on a firmer basis, 
the unoxidised phenylhydrazones (IV) and (IX) were also examined in the same spectral region. 
Their spectra had features in common with those of the oxidation products but lacked the 
outstandingly strong bands near 1020 and 1000 cm.-!, thus providing confirmatory evidence 
for the assignment of the absorption in the latter cases to the presence of SO linkages.” 


EXPERIMENTAL. 


B-Phenylthiopropionic Acid.—This acid was prepared by the condensation of thiophenol and f£-chloro- 
propionic acid in alkaline solution (Arndt, Ber., 1923, 56, 1269). 


1-Thiochroman-4-one (II).—This was most satisfactorily prepared by the following modification 
of Krolipfeiffer and Schultze’s method (Ber., 1923, 56, 1819). The above acid (30 g.) was dissolved in 
concentrated sulphuric acid (200 c.c.) at 5°. The solution, whic . had become first orange and then 
dark red, was next removed from the cooling-bath and set aside overnight. It was then poured on ice, 
and the precipitated yellow oil was taken up in ether, washed with alkali and water, dried, and distilled. 
The thiochromanone was obtained as an oil, b. p. 113—-114°/0-1 mm., which solidified and when recrystal- 
lised from light petroleum gave crystals, m. p. 29—30° (20 g., 74%). 


Alternatively a solution of the acid (20 g.) in xylene (200 c.c.) was added to a mixture of phosphoric 
anhydride and ‘‘ Hyflo Super Cel”’ (12 g.), and the whole then boiled under reflux for 2 Roast with 
vigorous stirring. The xylene was filtered, the residue extracted with boiling xylene (100 c.c.), and the 
united xylene solutions were then distilled. The thiochromanone had b. p. 121—123°/0-2 mm. and 
when treated as above gave crystals, m. p. 29—30° (19 g., 50%). 


1-Thiochroman-4-one phenylhydrazone (IV). This was readily formed when a mixture of the 
chromanone (II) and phenylhydrazine (1-2 mols.) containing a small quantity of acetic acid was gently 
warmed. The hydrazone separated as a viscous liquid which solidified when stirred with light petroleum 





[1951] Polycyclic Indolo- and Quinolino-derivatives. Part IV. 1913 


or methanol, and when recrystallised from the latter formed pale yellow needles, m. p. 77—80°, when 
rapidly heated (Found: C, 70-7; H, 5-6; N, 113. C,,H,,N,S requires C, 70-8; H, 5-55; N, 11-0%). 


Indolo(3’ : 2’-3 : 4)-1-thiochromen (V).—A mixture of the hydrazone (IV) (5 g.) and saturated ethanolic 
hydrogen chloride (100 c.c.) was boiled under reflux for 30 minutes, cooled, filtered, and added with stirring 
to 10% aqueous sodium hydroxide (400 c.c.). The yellow rather sticky precipitate became powdery 
when set aside, and when collected, dried, and recrystallised from benzene gave the indolo-derivative 
(V) as very pale yellow crystals, m. p. 158—160° (Found: C, 76-0; H,49; N, 5-8. C,,H,,NS requires 
C, 75-9; H, 47; N, 5-9%). 


Oxidation of the Phenylhydrazone (I1V).—(a) A solution of the phenylhydrazone (1 g.) in ethanol 
(50 g.) was boiled under reflux for 6 hours and then concentrated to small bulk. The crude crystals, 
m. p. 165—180°, thus obtained were recrystallised repeatedly from ethanol to give + a yellow needless 
of Vdiehenmmtens phenylhydrazone 1-oxide, m. p. 199—200° (Found: C, 67-0; H, 49; N, 10-6; S, 
12-1. C,,;H,ON,S requires C, 66-6; H, 5-2; N, 10-4; S, 11-8%). 


(5) Similar results were obtained on using solutions in n-propanol and in ether, but the phenylhydrazone 
was recovered almost unchanged when m ol was weed. 


(c) Sufficient acetone was added to a mixture of the phenylhydrazone (1 g.) and hydrogen peroxide 
(5c.c.; ‘‘ 100-vol.”’) to give a clear solution, which was then set aside. After 24 hours, a portion of the 
solution furnished a crude sample of the above sulphoxide, m. p. 190—194°; after 7 days another 
portion furnished a purer sample, m. p. 194—196°, undepressed on admixture with the pure material. 


Quinolino(3’ : 2’-3 : 4)-1-thiochromen-4’-carboxylic acid (V1I).—Potassium hydroxide (10-8 g.), isatin 
(9-6 g.), and the chromanone (II) (10-2 g.) were dissolved in this order in a mixture of ethanol (60 c.c.) 
and water (12 c.c.), which was then boiled under reflux for 1 hour, cooled, and poured with stirring into 
5% aqueous acetic acid (300 c.c.). The yellow flocculent Bree ges of the acid (VI) rapidly became 
pein when set aside, and was then collected, washed with ethanol and water, and dried: the 
yield was 15 g. (82%). A sample crystallised from acetic acid gave yellow crystals, m. p. 244—248° 
(decomp.) with softening at 223° (Found: C, 69-6; H, 40; N, 5-0. C,,H,,O,NS requires C, 69-6; 
H, 3-8; N, 48%). 


To prepare the potassium salt, the acid (2 g.) was added to a boiling solution of potassium carbonate 
(0-75 g.) in water (50 c.c.) : after a short period of heating, the solution was filtered to remove a trace of a 
brownish-violet insoluble material, and was then evaporated until crystals appeared. After cooling, 
the pale yellow crystals were collected and i from water, furnishing the almost colourless 
dihydrated salt (Found: N, 3-75. C,,H,O,NSK,2H,O requires N, 3-8%). e crystals dissolved 
readily in cold water to give a solution having a slightly greenish fluorescence. 


Quinolino(3’ : 2’-3 : 4)-1-thiochromen (VI1).—The acid was decarboxylated by heating at 250°/0-2 mm. 
in a tube inclined slightly downward, so that the uct condensed and flowed away from the heated 
end. The orange viscous liquid solidified when rubbed with ethanol, and when then recrystallised from 
this solvent gave colourless crystals of the thiochromen (VII), m. p. 101—102° (Found: C, 77-2; H, 4-5; 
N, 5-85. C,,.H,,NS requires C, 77-0; H, 445; N, 56%). This compound was recovered unchanged 
after prolonged boiling with methyl iodide. 


When a solution of the base in hot saturated ethanolic hydrogen chloride was cooled, orange crystals 
of the hydrochloride separated, and when recrystallised from this solvent gave the hemihydrate as yellow 
needles, m. p. 192—194° (Found: C, 65-3; H, 5-1; N, 5-0. C,,H,,NS,HC1L4$H,O requires C, 65-2; 
H, 4:5; N, 48%). 


When ethanolic solutions of — quantities of the base and hydrated chloramine-t were mixed 
and warmed, a pale yellow crystalline precipitate rapidly formed. This, when collected, washed with 
water, and recrystallised from ethanol, gave colourless crystals of quinolino(3’ : 2’-3 : 4)-1-thiochromen 
toluene-p-sulphonylimine, m. p. 182—183° (Found: C, 65-5; H, 4:7; N, 6-9. C,,H,,O,N,S, requires 
C, 66-0; H, 4:3; N, 6-7%). 


Oxidation of the Base (VII).—(a) Air was drawn for 4 hours at 85—90° over the finely powdered base, 
which was subsequently recovered unchanged. 


(6) A cold solution of the base (0-5 g.) in acetone (150 c.c.) was shaken mechanically whilst potassium 
a was added in small quantities. Oxidation occurred slowly and was complete after ca. 48 
ours. The filtered solution was then allowed to evaporate. The residue was washed with water and 
extracted with boiling ethanol, which on cooling deposited crystals which when further recrystallised 
from acetone furnished quinolino(3’ : 2’-3 : 4)-1-thiochromen 1: 1-dioxide (VIII) as very ie yellow 
a m. p. 202—204° (Found: C, 68-4; H, 3-75; N, 4:8. C,,H,,O,NS requires C, 68-3; H, 3-9; 
N, 5-0 %). 


Benzylthiolacetic Acid.—Toluene-w-thiol (10 g.) was added to a solution of chloroacetic acid (9 g.) in 
4n-sodium carbonate (24 c.c.), to which 4n-sodium hydroxide (24c.c.) was then slowly added with vigorous 
shaking and cooling. The mixture was then heated on a water-bath for 1 hour, cooled, filtered, and 
acidified. The precipitated oily acid (yield, almost theoretical) crystallised when vigorously stirred 
with light petroleum. Recrystallisation from light petroleum gave colourless crystals, m. p. 62—63° 


(cf. Gabriel, Ber., 1879, 12, 1641; Lesser and Mehrlander, Ber., 1923, 56, 1642). 

2-Thioisochroman-4-one (III).—A thin paste of phosphoric anhydride (30 g.), ‘‘ Hyflo Super Cel”’ 
(15 g.), and dry benzene (100 c.c.) was slowly added to a vigorously stirred solution of the above dry 
acid (20 g.) in benzene (75 c.c.), which was then heated on a boiling water-bath for 3-5 hours. The 
benzene solution was filtered, the residue extracted with boiling benzene (75 c.c.), and the solvent 
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removed by distillation from the united extracts, which were then basified with sodium hydroxide 
solution and distilled insteam. The 2-thioisochromanone separated as an oil which subsequently crystal- 
lised, and a further quantity was obtained by ether-extraction of the distillate; the total yield was 
6-5 g. (37%). After recrystallisation from light petroleum, the 2-thioisochroman-4-one was obtained 
as colourless leaflets, m. p. 59—60°. It was unaffected by oe boiling with methyl iodide. 

, 2419) prepared this compound 


Lesser and Mehrlander (loc. cit.) and Braun and Weissbach (Ber., 1929, 
by cyclisation of the intermediate acid chloride. 


2-Thioisochromanone phenylhydrazone (IX). This compound was pre as was the isomer (IV) 
and after recrystallisation from methanol was obtained as pale yellow needles, m. p. 114—116° (Found: C, 
71-0; H, 5-4; N, 11-0. C,,H,,N,S requires C, 70-8; H, 5-55; N, 11-0%). 


Indolo(3’ : 2’-3 : 4)-2-thioisochromen (X).—A saturated ethanolic solution of hydrogen chloride 
(5 c.c.) was added to a solution of the phenylhydrazone (1X) (2-5g.) in ethanol (50c.c.). After 15 minutes, 
the solution was poured into an excess of dilute aqueous sodium hydroxide, and the precipitated yellow 

wder was collected and recrystallised first from benzene and then repeatedly from aqueous ethanol. 

e indolo-derivative (X) was obtained as ge re yellow leaflets, m. p. 140—142° (Found : C, 76-15; 
H, 4:6; N, 5-9. C,sH,,NS requires C, 75-9; H, 4-7; N, 5-9%). 

Oxidation of the Phenylhydrazone (IX).—This was performed by boiling an ethanolic solution of the 
hydrazone as described for the isomer (IV). The crystals which were obtained on concentration were 
thrice recrystallised from ethanol and furnished 2-thioisochromanone phenylhydrazone 2-oxide as pale 
yellow needles, m. p. 225—226° (decomp.) (Found: C, 66-8; H, 5-4; N, 10-4; S, 12-2. C,,H,,ON,S 
requires C, 66-6; H, 5-2; N, 10-4; S, 11:8%). Similar results were obtained in -propanol and in ethereal 
solution, but no oxidation was detected in boiling methanolic solution. 

Quinolino(3’ : 2’-3 : 4)-2-thioisochromen-4'-carboxylic Acid (X1).—This was pre as was the isomer 
(XI) but the heating was continued for 5 hours. The average yield of crude acid was 74%. Recrystal- 
lisation from methanol gave yellow crystals, m. p. 255—260° (decomp.) with darkening at 230° (Found : 
C, 69-6; H, 4-0. Calc. for C,,H,,0,NS : C, 69-6; H,3-8%). Braun and Weissbach (loc. cit.) give m. p. 
255—260° with darkening at 220°. 


The potassium salt, prepared as before, formed needles of the monohydrate readily soluble in water 
(Found: C, 58-9; H, 3-5; N, 43; K, 11-35. C,,H,O,NSK,H,O requires C, 58-4; H, 3-5; N, 4-0; 
K, 11-2%). 

Quinolino(3’ : 2’-3 : 4)-2-thioisochromen (XII).—The above acid is not decarboxylated as readily 
as its isomer (VI). An intimate mixture of equal parts of the acid (XI) and soda-lime was therefore 
heated at 250—280°/0-1 mm. in a small retort, a viscous greenish distillate being obtained. A solution 
of the latter in hot methanol deposited pale green crystals, which when recrystallised from methanol 
(charcoal) gave the thio-amine (XII) as colourless crystals, m. p. 69—70° (Found: C, 76-8; H, 4-2; 
N, 5-6. C,¢H,,NS requires C, 77-0; H, 4-45; N, 5-6%). 

The hydrochloride, prepared and purified as its isomer, was obtained as yellow crystals, m. p. 195— 
196° (decomp.) (Found: C, 66-1; H, 4:3; N. 4-7. C,sH,,NS,HCI,0-25H,O requires C, 66-2; H, 4-3; 

, 48%). 

Treatment of the thio-amine with chloramine-T gave colourless crystals of quinolino(3’ : 2’-3 : 4)-2- 
thioisochromen toluene-p-sulphonylimine, m. p. 199—200° (decomp.) after crystallisation from ethanol 
(Found: C, 66-4; H, 4:35; N, 6-95. C,,;H,,0,N,S, requires C, 66-0; H, 4:3; N, 6-7%). 

Oxidation of the Amine (XI1).—The amine was recovered unchanged after it had been heated in a 
stream of air at 75—80° for 6 hours. When, however, the base in cold acetone was oxidised with per- 
manganate as with the isomer (VII), the residue after washing with water and recrystallisation from 
acetone furnished pale lemon-yellow needles of quinolino(3’ : 2’-3 : 4)-2-thioisochromen-l-one (XIII), 
m. p. 185—187° (Found: C, 72-9; H, 3-4; N, 5-3. C,,H,ONS requires C, 73-0; H, 3-4; N, 53%). 


We are greatly indebted to Dr. N. Sheppard and Mr. J. K. Brown for the spectroscopic investigation 
and to the Government of Singapore for the award of a Queen’s Fellowship (K. A. K.). 


UNIVERSITY CHEMICAL LABORATORY, CAMBRIDGE. (Received, March 3rd, 1951. 

















[1951] Greenwood and Martin. 1915 


423. The Electrochemistry of Boron Trifluoride Co-ordination 
Compounds. Part IV.* The Hydrates of Boron Trifluoride. 


By N. N. GrREENwoop and R. L. Martin. 


Boron trifluoride monohydrate, BF,,H,O, and boron trifluoride 
dihydrate, BF,,2H,O, have been obtained in a highly purified form as 
colourless, transparent crystals melting at 5‘°9—6°0° and 6°2° respectively. 
The monohydrate is unstable to heat and evolves boron trifluoride at 
temperatures above 15°. The density, dynamic viscosity, and specific 
conductivity just above the m. p. are di® = 1°7973, ny. = 12:1, centipoises, 
and Ky = 1°82 x 10* ohm™'cm.!. The corresponding figures for boron 
trifluoride dihydrate are d}® = 1-6458, y,. = 8°25 centipoises, and Ky». = 
5°82 x 10* ohm“ cm.-". The temperature dependence of these quantities 
is also reported, and activation energies are calculated. The decomposition 
potentials of the monohydrate and dihydrate are 3-2, and 2°8, v. respectively 
at 10°. Electrolysis of the monohydrate results in the evolution of hydrogen 
and oxygen, together with considerable quantities of boron trifluoride. The 
dihydrate also gives hydrogen and oxygen, in the ratio 2 : 1, but only traces of 
boron trifluoride are evolved. The results confirm that both compounds 
are highly ionized in the liquid state and should be considered as hydroxy- 
trifluoroboric acid, H*{BF,-OH]~, and, hydroxonium hydroxytrifluoro- 
borate, [H,O)*[BF,-OH]-. 


Tuis paper describes a series of electrochemical measurements on boron trifluoride monohydrate, 
BF,,H,O, and boron trifluoride dihydrate, BF,,2H,O. These compounds are liquids at room 
temperature and may be prepared by absorbing the required amount of boron trifluoride in 
water. The monohydrate fumes strongly in air and has a marked tendency to evolve boron 
trifluoride when warmed above room temperature. The dihydrate, on the other hand, does 
not fume in air and is much more stable to heat. It will be convenient to present first the results 
obtained on the dihydrate and then to consider those on the monohydrate. These results will 
then be discussed together and compared with previously published work. 

Boron trifluoride dihydrate was prepared by absorbing boron trifluoride in a weighed amount 
of distilled water and purified by fractional crystallization of the melt. This procedure gave 
large, colourless transparent crystals melting at 6°1—6°2°. Further recrystallization in a 
static vacuum, with an apparatus described by Greenwood and Emeléus (jJ., 1950, 987), gave 
crystals with a sharp melting point of 6°2°. 

Electrical conductivity measurements on the highly purified dihydrate were made by 
pouring the vacuum-recrystallized compound into a conductivity cell which was then sealed 
without breaking the vacuum. The conductivity at 1000 cycles A.C. in the temperature 
range 3—45° is given in Table I and Fig. 1. 


Taste I, 
Conductivity of boron trifluoride dihydrate from 3° to 45°. 

x x 104, wp = Me/d, kK = p»7, «x x 10%, p = Me/d, Kk = pn, 
ohm cm... ohm cm.*. ohm cm.* cp. # ohm *cm.. ohm cm.*. ohm cm.? cp. 
25-0° : 4-98 
30-0 , 5-41 
34-5 5-74 
40-4 , 6-31 
45-5 6-83 


* Viscosities for these two temperatures by logarithmic extrapolation. 
25° the conductivivy is 779 x 10*ohm™'cm.. The relative temperature 


coefficient of the conductivity is 2. = 19%. Table I gives also the values of the 
molar conductivity », and the product uy (where » is the dynamic viscosity). This function has 
been termed the reduced conductivity * (Part III) and is important in comparing the 


* Part III, J., 1951, 1795. 
6H 
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conductivity of the dihydrate with that of other compounds. This comparison will be discussed 
in more detail in a subsequent paper. 

The electrical conductivity was reproducible below 45°, and showed no alteration with time. 
Above 45°, bubbles of gas were evolved, but the compound could be heated to at least 60° in a 
closed system without affecting its conductivity at the lower temperatures. The conductivity 
of samples exposed to the air was very similar to that given in Table I. Solid boron trifluoride 
dihydrate, three degrees below its melting point, had a conductivity which was less than that 
of the liquid by a factor of 5000. 


Fic. 1. 
Conductivity of boron trifluoride hydrates. 
” 














20° 
Temperature 


The kinematic viscosity, v, of boron trifluoride dihydrate, measured with a modified U-tube 
viscometer as described in Part I (J., 1950, 3030), is shown in Table II, which also gives the 
dynamic viscosity 4, calculated from the relation 1 = vd,. The kinematic viscosity is plotted 
in Fig. 2. 

TaBLeE II. 
Viscosity of boron trifluoride dihydrate from 5° to 35°. 
S | dcarinccncevessdnbinincc ste cedeneate 5-6° 12-4° 20-0° 25-0° 30-0° 34-7° 
v (centistokes)  ............ 000005 5-82 4-73 3-90 3-46 3-10 2-81 
m (centipoises) — ..............000 9-58 7-77 6-36 5-63 5-01 4-54 


At 25° the viscosity of the dihydrate is 5°63 centipoises, which is more than six times the value 
for water itself at the same temperature (0°89 centipoise). 


The density of boron trifluoride dihydrate was measured with a Pyrex-glass pyknometer. 
Its variation with temperature between 5° and 45° is given in Table III. The relation between 


Taste III. 
Density of boron trifluoride dihydrate from 5° to 45°. 
5-75° 10-8° 15-0° 20-1° 25-0° 30-0° 35-0° 40-0° 44-9° 
1-6521 1-6450 1-6395 1-6328 1-6261 1-6194 1-6132 1-6070 1-6008 
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density and temperature is accurately represented to within one in the fifth significant figure by 
the equation : 


d@, = 16261 — 1°31 x 10° (¢ — 25) + 2 x 10* (¢ — 25)* 

The D.C. current-voltage curves obtained on boron trifluoride dihydrate all show well- 
defined decomposition potentials. On slightly impure samples this potential varied between 
3°1 and 3-2 v., but on the highly purified liquid reproducible values may be obtained, and these 
show a systematic decrease as the temperature is raised (see Table IV). 


TaBLeE IV. 
Decomposition potential of boron trifluoride dihydrate between 3° and 30°. 

6 - saperpuunses oss dehecesnseem nip ebetseteb eiveregencesens 2-5° 10-7° 20-0° 30-7° 

DGG aiicapeciicarutinssieniticadiniic lien ee 2-83 2-72 2-62 

Electrolysis of the complex results in the liberation of hydrogen at the cathode and oxygen 
at the anode in the molar ratio 2°05: 1-00. It was further established that, for each equivalent 
of electricity passed, one equivalent of hydrogen was liberated. At both electrodes a trace of 

Fic. 2. Fie. 3. 

Kinematic viscosity of boron trifluoride hydrates. Conductivity—composition isotherm at 0-0°. 
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gas condensable in liquid air was evolved. This was presumably boron trifluoride, but the 
amount liberated was too small to allow positive identification. 

The variation of conductivity with composition in the system boron trifluoride-water was 
investigated in the way described in Part II (J., 1951, 1328). However, owing to the appearance 
of a precipitate of boric acid (cf. McGrath, Stack, and McCusker, J. Amer. Chem. Soc., 1944, 
66, 1263), the conductivity-composition isotherm is not readily interpreted. The system does 
not constitute a homogeneous phase, so that the composition of the liquid between the electrodes 
is not a simple function of the weight of boron trifluoride absorbed. The cell constant might also 
be expected to vary with the amount of suspended solid between the electrodes. Despite this 
difficulty, it was possible to show that very small additions of either water or boron trifluoride 
to the highly purified dihydrate increase its conductivity. The stoicheiometric compound is 
therefore characterized by both a minimuin in electrical conductivity and a maximum in 
melting point. The cimplex hydrolysis reactions occurring in dilute aqueous solutions of boron 
trifluoride have recently been fully investigated by Wamser (J. Amer. Chem. Soc., 1951, 78, 
409) and fall outside the scope of the present paper. 

Above the molar ratio 0°5, the system is homogeneous and it becomes possible to study the 
effect of increasing amounts of boron trifluoride on the conductivity. The results of such an 
experiment at 0°0° are shown in Fig. 3. Boron trifluoride could be rapidly absorbed up to a 
molar ratio of about 0°90 at this temperature, but further absorption was extremely slow. In 
no experiment could gas be absorbed above the molar ratio 0-999, and when a liquid of this 
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composition was warmed to room temperature bubbles of boron trifluoride were evolved. 
Weighings had therefore to be made in a sealed system under pressure to retain all the boron 
trifluoride in the liquid. At room temperature it was found that water became saturated with 
boron trifluoride at a molar ratio of 0°95. These observations confirm the report of Meerwein 
and Pannwitz (J. pr. Chem., 1934, 141, 123) that the monohydrate exerts a considerable pressure 
of boron trifluoride at room temperature. 

Pure boron trifluoride monohydrate was obtained by repeated fractional crystallisation of 
an aqueous solution saturated with boron trifluoride at 0°. By melting the compound below 
10° and freezing it at 2°, large, colourless, transparent crystals were obtained, having m. p. 
5'9—6°0°. 

The specific electrical conductivity of boron trifluoride monohydrate at 1000 cycles A.C. is 
recorded in Table V and Fig. 1. 


TABLE V. 
Conductivity of boron trifluoride monohydrate from 0° to 20°. 
« X 10', p = Me/d, kK = p», x xX 10, pw = Mx/d, & = py, 
ohm cm.-. ohm cm.*. ohm™cm.* cp. - ohm'tcm.+. ohm ™cm.*. ohm™'cm.* cp. 

_ . - 10-5 

10-3 . . . 10-3 

10-7 . } 10-4 

10-5 . “ 10-6 

10-5 : , : _ 

10-5 

The specific conductivity at 25° (extrapolated) is 2-45 x 10* ohm cm. a value which 
is smaller than that for the dihydrate by a factor of three. At all temperatures the conductivity 
remained constant for one day, and the values obtained at the lower temperatures could be 
reproduced even after prolonged heating above 20°. (The conductivity measurements were 
made in a sealed cell with only a small gas space above the liquid so that at temperatures above 
about 15° the pressure was greater than one atmosphere and the composition of the liquid did not 
differ significantly from that of the stoicheiometric 1: 1 compound.) The values of the molar 
conductivity up and the reduced conductivity % (Table V) will be discussed later. 

The results of measurements on the viscosity of boron trifluoride monohydrate are presented 
in Table VI and Fig. 2. As it was inconvenient with the apparatus used to measure viscosities 
at pressures greater than one atmosphere, the investigation was confined to temperatures below 
15°. It may be seen that the viscosity is about half as large again as that of the dihydrate. 


TaBLeE VI. 
Viscosity of boron trifluoride monohydrate from 0° to 15°. 
$  scaniassecssececnesccseoses 4-7° 7-0° 9-8° 11-1° 
v (centistokes) 8- 7-64 7-19 6-74 6-49 4 
» (centipoises) . 13-78 12-96 12-12 11-65 S 14-16 


The density of boron trifluoride monohydrate was measured in a sealed pyknometer and the 
results obtained are summarized in Table VII which represents the overlapping results of three 
experiments. The figures are reproduced, to within one in the last decimal place, by the 
equation, d, = 18087 — 1°14 x 10%4. 


TasBLe VII. 
Density of boron trifluoride monohydrate from 0° to 20°. 
ceecdscocces see cesece 3°5° 4-0° 5-3° 5-8° 6-9° 
er 1-8049 1-8043 1-8027 1-8021 1-8008 
$  cevccccceccc cesses eee 8-5° 9-9° 11-4° 15-7° 20-0° 
DE bic ccacceccesiosccete 1-7990 1-7973 1-7956 1-909 1-7859 


Direct-current experiments at 10° indicated that boron trifluoride monohydrate has a well- 
defined decomposition potential D = 3°25v. Electrolysis at higher voltages results in the libera- 
tion of acolourless gas at eachelectrode. Inan experiment on the supercooled liquid the cathodic 
gas was found to consist of hydrogen and boron trifluoride in approximately equimolar amounts. 
The anode gas was identified as a mixture of oxygen and boron trifluoride. When a similar 
experiment was carried out at 15° the hydrogen and oxygen were accompanied by a large excess 
of boron trifluoride. 
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Discussion. 


The reaction between boron trifluoride and water was first reported by Gay-Lussac 
and Thénard in 1811, and the early history of the compounds formed has been summarized 
by Booth and D. R. Martin (‘ Boron Trifluoride and its Derivatives,” John Wiley 
and Sons, 1949, pp. 53 and 158 et seq.). In 1933 Meerwein (Ber., 66, 411) showed that two 
compounds were formed and to these he assigned the formule BF,,H,O and BF,,2H,O. 
A detailed study of the properties of these compounds was published by Meerwein 
and Pannwitz (loc. cit.) who described the monohydrate as a colourless, fuming liquid, f. p. 
5-4—-6°, which decomposed on attempted distillation. These observations were confirmed in 
the present work, although the’melting point was found to be rather sharper, 5°9—6°0°. The 
dihydrate was reported as a colourless, non-fuming liquid, stable to distillation, b. p. 58°5— 
60°/1-2 mm., m. p. 4°5—5°. McGrath, Stack, and McCusker (loc. cit.) pointed out, however, 
that the dihydrate suffers some decomposition on attempted distillation, with the formation of, 
inter alia, dihydroxydifluoroboric acid HBF,(OH),. They found that the melting point of 
carefully prepared, undistilled samples, purified by fractional crystallization, was 5‘9—6°1°, which 
is significantly higher than Meerwein and Pannwitz’s value. In the present work, boron 
trifluoride dihydrate was found to melt sharply at 6°2°. 

The density of boron trifluoride monohydrate was reported by Klinkenberg (Thesis, Leiden, 
1937) as d?* = 1-760, but in view of the thermal instability of the compound it is doubtful 
whether, at 25°, the molar ratio BF,/H,O in Klinkenberg’s sample was as high as 1‘000. This 
conclusion is supported by the fact that the density, calculated by a 5° extrapolation of the 
present results, is d}® = 1°780,, which is appreciably higher than Klinkenberg’s value. Meerwein 
and Pannwitz’s value of d?° = 1-777 for the monohydrate is also lower than the present value of 
d}® = 1-7916, obtained in a sealed system under pressure to prevent evolution of boron trifluoride 
on warming. 

Boron trifluoride dihydrate is a much more stable compound and the published values of its 
density at 20°, 1°6315 (McGrath, Stack, and McCusker) and 1°6319 (Meerwein), are similar to 
the value 1°6327 calculated from the density equation obtained in the present work. 

The chemical behaviour of the liquid boron trifluoride hydrates is of considerable interest in 
relation to the results presented in this paper. Meerwein, and Meerwein and Pannwitz (locc. 
cit.), have shown that the dihydrate has strongly acidic properties and dissolves metals, metallic 
oxides, and carbonates. Attempts to obtain salts by treating ethereal solutions of boron 
trifluoride dihydrate with alkali or pyridine were unsuccessful, but they were able to isolate 
‘“ salts” with dioxan and cineole, BF,,2H,O,C,H,O, and BF,,2H,0,2C,,H,,0. Meerwein 
argued that these compounds indicated that the dihydrate functioned as a dibasic acid. How- 
ever, unpublished observations in this Laboratory have shown that boron trifluoride readily 
combines with dioxan alone to give a stable addition product, so that the constitution of the 
above “ salts’ is by no means certain. For the same reason, dioxan should not be used as an 
inert solvent for cryoscopic measurements on boron trifluoride complexes. The low molecular 
weight of boron trifluoride dihydrate when measured in dioxan has been ascribed to 
decomposition of the dihydrate (McGrath, Stack, and McCusker, loc. cit.}. However, the 
present investigations have shown that the solution conducts electricity, so that the low molecular 
weight must be due, at least in part, to ionic dissociation. 

The X-ray pattern of solid boron trifluoride dihydrate was interpreted by Klinkenberg and 
Ketelaar (Rec. Trav. chim., 1935, 54, 959) on the basis of an analogy to ammonium tetrafluoro- 
borate, and they formulated the compound as hydroxonium hydroxytrifluoroborate, 
[H,O]*(BF,-OH]-. On the other hand, Sowa, Kroeger, and Nieuwland (J. Amer. Chem. Soc., 
1935, 57, 454) have pointed out that the compound may be regarded as hydrofluoronium 
dihydroxydifiuoroborate, [H,F)*(BF,(OH),)~. The present electrolysis experiments indicate 
that the former ionization occurs in the liquid, as there is no evidence for evolution of fluorine 
or hydrogen fluoride at the cathode. Electrolysis results in the liberation of hydrogen at the 
cathode and oxygen at the anode in the ratio 2:1. The electrode processes may thus simply 
be represented by the scheme : 


cathode: H,O*+e" ——> 4H,O+ 4H, 
anode: 2BF,OH- -——> 2e- + BF,,H,O + BF, + 40, 


The boron trifluoride generated at the anode is immediately absorbed by the dihydrate to give 
the monohydrate. The relative mobilities of the ions could therefore be determined in principle 
by careful analysis of the liquid in each electrode compartment, for the cathode liquid becomes 


SE A NE ERE EN SN RE Yh IRR RN IR ay ~ = 
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progressively more diluted with water whilst the anode liquid becomes steadily more 
concentrated in boron trifluoride. In this way it is seen that electrolysis effects not only 
decomposition of the dihydrate into hydrogen and oxygen, but also its disproportionation into 
water and the monohydrate. 

The nature of the ions present in liquid boron trifluoride monohydrate may also be inferred 
from electrolysis experiments, which result in the liberation of hydrogen and oxygen together 
with variable amounts of boron trifluoride. The compound may be considered as hydroxytri- 
fluoroboric acid H*(BF,°OH]-, and although the proton will certainly be solvated by a further 
molecule (or ion pair) of the monohydrate, the primary electrode processes may be written : 


cathode: H*+e— -——> 4H, 
anode: 2BF,OH- -—> 2e- + BF,,H,O + BF, + 40, 


As the monohydrate represents a system already saturated with boron trifluoride, the boron 
trifluoride generated at the anode will be evolved with the oxygen. In addition, depending on 
the temperature, variable amounts of boron trifluoride are evolved at each electrode. This may 
be due, in part, to slight local heating of the electrolyte, and also to evolution induced by the 
passage of hydrogen and oxygen bubbles through the liquid. Such evolution causes only slight 
changes in composition, for it will be remembered that the monohydrate constitutes a system in 
which 100 ml. of water have absorbed 125 1. of (gaseous) boron trifluoride. The temperature 
variation of the amount of boron trifluoride evolved during electrolysis is a further indication of 
the thermal instability of the monohydrate. 

The acidic nature of boron trifluoride monohydrate is confirmed by its chemical properties 
(Meerwein, and Meerwein and Pannwitz, locc. cit.), but the compounds it forms with dioxan and 
cineole should not be regarded as evidence that it is a dibasic acid (see discussion above on the 
dihydrate). 

The electrical conductivity of boron trifluoride monohydrate was determined at 25° by 
Klinkenberg (loc. cit.). The disadvantage of using so high a temperature on a thermally 
unstable compound has already been emphasized and indeed the low density of Klinkenberg’s 
samples indicates that the stoicheiometric ratio 1-000 had not been reached. He reports the 
conductivity as K,, = 4:19 x 10* ohm™ cm. which is rather higher than the value obtained 
from the present work by a 4° extrapolation from measurements made under pressure, namely, 
Kgs = 2°44 x 10% ohm™cm.. Reference to the conductivity-composition isotherm in Fig. 3 
shows that this high conductivity again indicates a molar ratio below that of the 1 : 1 compound. 

Klinkenberg (loc. cit.; Chem. Weekblad, 1937, 34, 23) has also studied the conductivity of 
aqueous solutions of boron trifluoride monohydrate, and at a composition corresponding to the 
dihydrate the conductivity was x,, = 10°5 x 10*ohm-cm.. However, such a procedure 
may not give the conductivity of the pure dihydrate, owing to the possibility of partial hydrolysis 
to hydroxyfluoroboric acids (see Wamser, loc. cit.; J. Amer. Chem. Soc., 1948, 70, 1209). The 
conductivity of highly purified boron trifluoride dihydrate observed in the present work was 
Ky, = 7°79 X 10*% ohm cm... 

The temperature dependence of the electrical conductivity, viscosity, and density of the 
hydrates of boron trifluoride are here reported for the first time. The activation energies for the 
conduction process may be obtained from the logarithmic plot of conductivity against the 
reciprocal of the absolute temperature. Neither curve is quite linear, but approximate values 


of the activation energies E, may be obtained; the corresponding values for the activation 
energies of viscous flow E, are also given : 


BF,,H,O: E, = 3°6 kcals. mole+; E, = 3°8 kcals. mole 
BF,,2H,O: E, = 3:1 kcals. mole; E, = 4:1 kcals. mole 


It is noteworthy that the activation energy for viscous flow of both compounds is very close to 
the value for water itself, 4-0 kcals. mole. Further discussion of these activation energies 
and of the reduced conductivity & given in Tables I and V will be deferred until a subsequent 


paper, when the properties of several co-ordination compounds of boron trifluoride will be 
compared. 


EXPERIMENTAL. 


Boron trifluoride was supplied by courtesy of Imperial Smelting Corporation Ltd. and its purity 
checked as described in Part II (loc. cit.). ¢@ gas was passed through a trap at the temperature of 
melting toluene (—97°) and passed directly into the water-cooled reaction vessel. The water used to 
prepare the hydrates was either conductivity water, re-distilled from potassium permanganate in an 
all-silica apparatus, or was obtained from an ion-exchange resin column. 
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Electrical circuits and thermostatic control were the same as those described 
Conductivity-composition isotherms were obtained with the apparatus specified i . 
Sobanan iee-aemeti Gaeaumionione tw dey tose eanaioane 
measurements has also been previous! 


Boron trifluoride dihydrate was electrolysed at 40 milliamps. and 5-5 v. The current 

measured by a coulombmeter in series with the electro cell. The gases were co 

as descri in Part II. benedeni re potinarenapee fred | me pu wie lnmndg a 
(Calc. for H, : M, 2-0). The gas was in a Hem; and confirmed as hydrogen. The 
anode gas was also non-condensable in liquid air and ty +3 (Calc. for O,: M, 32-0). Its identity 
was ceibensl Up cosapiete ahuaapiben tt albaiipe ratio of cathode to anode gases, as 
measured in a constant-volume manometer was 2-05 : 1-00. At each electrode there was a small amount 
(<1%) of gas condensable in liquid air. Boron trifluoride monohydrate was electrolysed oe ay 
and 10 v. and analysed similarly. The non-condensable ie de a aon oe (Found 
M, 2-1), and the condensable fraction to be boron trifluoride (Foun 68-2. Calc. for B 
67-8). The non-condensable anode gas was identified as oxygen (Found: M, 33), and the sondicauabts 
fraction as boron trifluoride (Found: M, 68-6). The ratio of condensable to non-condensable gas at 
each electrode was determined in a constant-volume manometer and shown to be strongly dependent 
on temperature. 
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424. Measurements of the Vapour Pressures of Some Alkylmercury 
Halides. The Latent Heats of Sublimation of Methyl- and Ethyl- 
mercury Halides. 


By T. CHarniey and H. A. SKINNER. 


The vapour pressures of six alkylmercury halides have been measured 
over a range of about 20° at “ room ” temperatures by means of a quartz fibre 


(viscosity) manometer. The values obtained fit expressions of the type 
logyef = A — B/T, from which the latent heats of sublimation have been 
calculated, as given in Table II (p. 1923). These values are combined with 
existing thermochemical data on the HgRX compounds, in order to derive 
the bond dissociation-energies D(R-HgX) in these molecules. 


THE present investigation was undertaken in connection with some studies on the thermo- 
chemistry of organo-mercury compounds, described by Hartley, Pritchard, and Skinner (Trans. 
Faraday Soc., 1950, 46, 1019; 1951, 47, 254), who obtained values for the heats of formation 
(Q;) of HgRX compounds (R = Me or Et; X = Cl, Br, or I) in the crystalline state at room 
temperature. In order to derive the bond dissociation energies D(R-~HgX) from these Q, 
values, it is necessary to know the latent heats of sublimation, 4,,,,, of the various compounds, 
and to this end we have measured their vapour pressures over a range of temperature, from 
which the ,,,, values are derived indirectly by use of the Clausius—Clapeyron equation. 


EXPERIMENTAL, 


(a) Preparation of Compounds.—The crystalline chlorides and bromides were P by admixing 

pure samples of the ar alkyls (provided by Mr. K. Hartley) with methanol solutions *f mercuric 
Enloride or bromide. —— were recrystallised from hot methanol. The iodides were made by 
adding iodine to excess of mercury alkyl in ia methanol solution, and the crystalline precipitates were 
recrystalliced from hot methanol. 

(b) Measurement of Vapour Pressures.—Preliminary ex a aes that the of 
pressures it was necessary to cover lay between 10 and 10 There are several methods 
suitable to this pressure range aad te aoncag ton Vaeading Geeaete @ ) gauge, we were attracted 
mainly by the relative simplicity of construction of this a tus. Sot op. =: Langmuir 
(J. Amer. Chem. Soc., 1913, 35, 107), the gauge consisted o  dstemned enact abe: ood ng and 50 
microns thick, which was set vibrating in a bulb pocorn at low pressure. The rate of decrease 
in amplitude of the vibrations with time can be related ( suitable conditions) to the pressure of 
ro The single-fibre ear in antes wo ten ad af vane, "tke lie ees Ee te 
restrain the vibrations to a plane at : co ae Se. The bifilar 
pee yn Freee 1923, 45, 1637)—in ee Sante Uiknes cop teatened to 9 aa eat aan poste 

fused together at the free ends pon hen —overcomes most of the difficulties met with the single 
fibre, and was preferred in the present research. 
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The apparatus consisted of a high-vacuum pumping system, connecting to the quartz-fibre gauge 
and the sample tube containing the compound under investigation. A side-arm from the main vacuum 
line led to a Phillips-type ionization gauge, and a McLeod gauge. The quartz-fibre gauge was firmly 
clamped to an iron framework supported from a massive iron table which stood on a concrete block let 
through the floor of the room. gauge was thus isolated from external vibrations. The V 
vibration element was mounted in a quartz tube which terminated in a standard (B.14) cone-joint by 
which it was connected to the main vacuum line. The fibre could be set into vibration by momentarily 
energizing a small electromagnet placed near a magnetic bead attached to the tip of the V. 


The fibre was illuminated, and a small section of it observed through a low-power microscope. The 
microscope produced an image of the fibre in the focal plane of the eyepiece where there was a graticule 
1 cm. long, graduated in 0-1 mm. When at rest, the fibre image appeared in the centre coinciding with 
division 5 on the graticule. The fibre was set vibrating, and the time required for the images of the 
edges, initially at divisions 4 and 6 on the graticule, to move to divisions 4-5 and 5-5, respectively, was 
measured with a stop-watch. This time is referred to as the “ period ’’ of the gauge. 


The expression relating the pressure in the gouge to the time of ee between two given amplitudes 
was deduced by Haber and Kerschbaum (Z. Electrochem., 1914, 20, ), who obtained the formula 


fi=pAVM/T+B..... (1) 


where ¢ is the “ period ’’ of the gauge, p the om. M the molecular weight of the gas, and 7 the 
temperature in °K.; A and B are constants of the instrument, and in — it is only 

know the “ period ’’ and pressure at two points with a gas of known molecular weight in order to deter- 
mine the values of these constants. In practice, a large number of measurements of ¢ and p were made 
and a graph plotted of ¢" against » from which best values of A and B were obtained. Nitrogen was 
chosen for the calibration experiments, in which the pressures were measured by means of a McLeod 
gauge. The “ period,”’ ¢, was taken from the mean of about 10 readings, and the McLeod reading taken 
at the beginning and end of each set of “‘ period’ measurements. Sixty sets of “ period ’’ measure- 
ments were taken, covering a pressure range from 2-9 x 10 to 9-7 x 10* mm. Hg, and on plotting 
the reciprocal of the “‘ periods ”' against pressure, a straight-line graph fitting the equation 


ft) = (1712p + 29x 10)sec® 2. 1... (2) 


was obtained (p in mm. Hg).* On es of this equation with equation (1), and substitution for 
the molecular weight of nitrogen, the calibration gives the formula for the gauge as 


£1 = (0-323Mip + 2:9 x 10%) sec. ©. 2. 1 we ee 8) 
at the average room temperature of 17°. 


The vapour pressures of the alkylmercuric halides were obtained over a temperature range of 20— 
30°, by use of equation (3) and the measured “‘ periods ” of the gauge when vibrating in the vapour of 


the substance under investigation. The sample tube was immersed in a large Dewar flask, containing 
water or brine, the temperature of which could be held constant (within 0-1°) by a simple device. The 
gauge and sample tube were very thoroughly pumped out before measurements of the “ period ” were 
made, in order to ensure the removal of volatile impurities (moisture, occluded gases) from the system. 
At each bath temperature, the mean of about 50 separate readings was taken as the “ period ”’ corre- 
genes. to that temperature. For pressure measurements with the bath temperature above that of 

e room, the gauge and connecting lines were heated with a nichrome winding. In the case of the 
ethyl mercury halides, it seemed that the pressure of an isolated sample of vapour increases slowly with 
time, possibly owing to slight decomposition in the light. 


TaB_e I, 
Vapour pressures of HgRX compounds. 


p x 104, p x 104, p x 104, p x 104, 
Temp. #,sec. mm.Hg. Temp. ?¢, sec. mm. Hg. t, sec. mm.Hg. Temp. /, sec. mm. Hg. 
1. Methylmercury chloride. 2. Methylmercury bromide. 
655 40° 104 : , 290 568 10-0° 54-4 ; 
868 10-0 57-6 . ° 146 11-8 14-0 37-2 47-9 
12-3 12-0 47-6 : ° 91-0 183 


. Methylmercury iodide. 4. Ethylmercury chloride. 


405 11-0 45-5 . 576 2-75 22-0 177 
11-8 14-0 33-8 , . 510 318 25-0 135 
79-9 20-4 17-0 26-2 63- . 375 452 28-0 100 
279 6-27 30-0 86-2 
219 8-14 


5. Ethylmercury bromide. 6. Ethylmercury iodide. 


508 296 245 157 ° 541 406 27-0 129 
398 3-91 30-0 90-9 , . 413 555 30-0 97-1 
329 4-84 5 267 9-01 





* This expression ceased to hold for pressures >ca. 5 x 10 mm. Hg. 
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Taste II. 
Heats of sublimation of HgRX. 
Compound. A. BD. hx a mole“). Compound. A. B. Aw», (kcals. mole). 
HgMeCl 9-48 3385 HgEtCl 10-50 3987 o 


HgMeBr 10-03 3546 P HgEtBr 10-47 4000 
HgMel 953 3404 . HgEtlI 11-14 4162 


Results.—The results are summarised in Tables I and II. The plots of the logarithms of the vapour 
pressures against the reciprocals of the corresponding absolute temperatures gave in each case good 
straight lines obeying an equation of the form 

logy? =A-—B/T ... . (4 
The ‘ " straight line was fitted to the points by the method of least squares, and the latent heat 
of seelinenton, Awub., Was calculated from the expression : 
Aww. = — 2-303 x 1-986 d(log p) /d(7T) 
= 2-303 x 1-986B cals.mole*. . . . (5) 

The internal diameter of the sample tubes at the surface of the constant-temperature bath was 
ca. 8 mm., which a in order of magnitude to the molecular mean free path of the HgRX com- 
pounds—so that it may be that corrections should be made to allow for the effect of thermal transpiration 
(see Coolidge, J. Amer. Chem. Soc., 1924, 46, 680). On the other hand, Tompkins and Wheeler (Trans. 
Faraday Soc., 1933, 29, 1248) have shown that the full effect of thermal iration does not enter 
until the mean free fms is at least ten times the tube diameter. Under the conditions of our experiments, 


full allowance for the thermal transpiration effect would increase the values of Aj». (given in Table II) 
by only 0-2 kcal. mole, so the correction is small, even if—as seems doubtful—it is necessary to make it. 


The estimated overall error in the quoted values of A,.». amounts to + 0-4 kcal. mole™ in the case of the 
methyl, and +0-7 kcal. mole“ in that of the ethyl compounds. 


DIscussION, 

Bond Dissociation Energies, D(R-HgX).—As stated on p. 1921, the bond dissociation 
energies, D(R-HgX), can be derived from the Q,HgRX, gas) values, themselves obtainable 
from the heats of formation reported by Hartley, Pritchard, and Skinner (loc. cit.), and the 
Agu. Values given here. The dissociation energies are calculated from the equation 

D(R-HgX) = QO(HgRX, g.) — O(HgX,g.)—-Q(R.g) - - - - + (6) 
and are listed in Table III. These values differ slightly from those provisionally quoted by 
Hartley e# al. (loc. cit.), and should be accepted as superseding the earlier values. 

From the data given in Table III, we may note that the differences, AD = D(Me~HgX) — 

D(Et-HgX), are all of similar magnitudes, viz. (in kcals. mole) : 

Me-HgCl Me-HgBr Me-Hgl 
{Petite tad, 4D {reese = 07 s{eeHe aoe 

and moreover compare with the difference of 5 kcals. mole! between the values we have accepted 
as correct for D(Me-H) and D(Et-H).. An explanation of the fall in D(R-H) in passing from 
R = Me to R = Et has been put forward by Baughan, Evans, and Polanyi (Trans. Faraday 
Soc., 1941, 37, 377), and one might well presume that the fall in D(Et-HgX) compared with 
D(Me-HgX) is explicable in similar manner, particularly as the mercury atom does not, in 
general, behave as a strongly electropositive metal. 

It is of interest to compare the values in Table III with some results obtained by Warhurst 
and Gowenlock (Gowenlock, Thesis, Manchester Univ., 1949) on the energies of rupture of the 


Taste III. 
Bond dissociation energies, D(R-HgX). 
O(HgRX, g.), - HgRX, g.), (R, g.), HgX, g.), eS. 
J : cols 4 als. 2 ieeals. +) oR. s) Mt keals - 
27-68 + Lk . . . 9 —32641° —19-0* 


—24-4% 
—31-34 05° 


14-2 + 1-6* ° . . | l- 

* Hartley, Pritchard, and Skinner (/oc. cit). energies, AE,°, of ‘the 
rocesses HgX ——> Hg(’S,) + X, for which Wieland and his co-workers (Helv. Physica Acta, 1941, 
4, 420; Helv. Chim. Acta, 1943, 26, 1025; 1949, $2, 889) have obtained 24-0 kcals. mole (X = Cl), 
16-4 keals. mole (X = Br), and 8-3 + 0-5 kcals. mole (X = 1). 


* The D(R-HgX) are the — AH” of the processes HgRX (g.) —> R (g.) + HgX (g.) occurring at 
room temperature, i.e., 20°. 
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first CH,-Hg bond in HgMe,, and the first C,H,-Hg bond in HgEt,. These investigators 
found that D(Me—~HgMe) ~ 50—51 kcals. mole“, and D(Et-HgEt) ~ 40 kcals. mole, so the Hg-C 
bond dissociation energies in R-HgX seem to be significantly greater (by 10 kcals. mole™, or 
more) than in R-HgR. In this connection, the recent determination by Sheridan and Gordy 
(Sheridan, private communication) of the Hg-C bond-lengths in some methylmercury halides 
is of considerable interest, as these investigators find that the Hg-C bond is appreciably shorter 
in CH,*HgCl than has been reported in HgMe,. 

The apparent decrease in D(R-HgX) as X changes from Cl through Br to I, correlates with 
the electronegativity trend in the halogens. This point has been discussed by Hartley (Ph.D. 
Thesis, Manchester Univ., 1950), who found that the strength of R-HgX bonds is related to 
the electronegativities of the R and X in HgRX, in that the greater the difference in elec- 
tronegativity between R and X, the greater the strengthening of the R-HgX bond. The 
“ electronegativity of the radical R” is here used in Kharasch’s sense (J. Amer. Chem. Soc., 
1932, 54, 674). 


Tue UNIVERSITY, MANCHESTER. (Received, February 7th, 1951.) 





425. The Bismuth-catalysed Air-oxidation of Acyloins. 
By BarBaRA HOLDEN and W. RicBy. 


A procedure has been developed for the preparation of 1 : 2-diketones 
from acyloins by oxidation with air in the presence of acetic acid and catalytic 
amounts of bismuth compounds. 


It has been noted (Rigby, J., 1951, 793) that the finely divided metallic bismuth produced 
during the oxidation of acyloins by bismuth acetate is very susceptible to air-oxidation ; 
indeed, bismuth filtered off after an oxidation conducted in acetic acid becomes warm and 
white almost as soon as the liquid has drained off. It seemed that a little bismuth oxide might 
suffice to oxidise a large quantity of an acyloin if the metal were allowed to oxidise again as 
fast as it was formed: the process would complement the well-known oxidation of acyloins by 
air in alkaline solution. 

The first attempts to apply the principle, by stirring an acetic acid solution of benzoin with 
oxygen in the presence of a few per cent. of bismuth oxide, were disappointing: there was 
initially a rapid uptake of oxygen but the rate soon fell off because the metal coalesced into 
flocks; addition of dispersing agents such as kieselguhr effected no notable improvement. 
However, when bismuth carbonate was substituted for the oxide reaction was smooth, the 
particles of carbonate were apparently only superficially reduced, and the metal remained 
dispersed on them. Air was found superior to oxygen in this oxidation, as use of the latter led 
to more discoloration and a higher proportion of by-products whilst not greatly increasing the 
rate of oxidation. 

When a hot acetic acid solution of an acyloin is stirred with air—or especially oxygen—in 
the absence of bismuth compounds, oxidation takes place and some diketone is produced, but 
fission also occurs with formation of acids. The extent of the undesired fission appears to 
vary with the acyloin, benzoin being more susceptible than some of its derivatives. On using 
one-sixtieth to one-fifteenth mol. of bismuth carbonate per mol. of acyloin, yields obtained 
were: benzil, 70%; anisil, 745%; 4-methoxybenzil, 70%; furil, 68%. As is to be expected, 
these yields are lower than those for the corresponding bismuth acetate (non-catalytic) oxidation 
(96, 95, 85, and 92% resectively); but as the main losses are caused by direct action of oxygen 
to give acids, and as this attack is much slower than the oxidation with bismuth acetate, a 
reasonable increase in the amount of catalyst used might minimise the side-reaction and a 
satisfactory compromise should be possible in any particular case. As was found with the 
simple oxidations with bismuth acetate, dilution of the acetic acid with technical 2-ethoxyethanol 
is usually advantageous. 

The oxidation of 4-methoxybenzoin with bismuth acetate is described, and a new melting 
point of 58° is found for 4-methoxybenzil. 


EXPERIMENTAL. 


Bismuth Carbonate.—The usual basic carbonate was used: it lost 9-5% of its weight on ignition. 
Of two samples, the one with the greater particle size appeared to be the more efficient—presumably 
owing to the complete dissolution of the finest particles of carbonate and the consequent loss of so much 
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agent. When the carbonate (1 g.) was shaken in a test-tube with water (20 ml.) and set aside 
for a minute or two, the slid rapidly settled leaving, in the case of the better samples, a clear su tant 
liquor containing onl a few discrete particles suspended on air bubbles: in the case of the less 
satisfactory samples = liquor was strongly opalescent and was not clear even ater a day The better 
material consisted ag ie of particles with diameter of 3—4 y., but the other contained quantites 
of particles apparently 2 w. in diameter, which showed active Brownian movement when mounted 
in water. 


4-Methoxybenzoin. saneiee ana “* Organic Reactions,”’ Vol. IV, p. 280 was modified in that the 
first crude crystal 8 was spread on a previously chilled porous plate and left for a day in the ice: 
chest before recrystalli ithout this preliminary treatment, enormous losses were encountered 
in the crystallisation, which, was more satisfactory from methyl alcohol. 

Benzil.—Benzoin (53 g.), acetic acid hy ¢ ml.), technical 2-ethoxyethanol (15 ml.), and bismuth 
carbonate (2 g.) were briskly stirred in a 1- 3-necked flask which was heated over a gauze while a filter- 
pump drew air in down the stirrer-guide and out from the top of an efficient reflux condenser which 
pang eee ete | ee dyed wool to trap mist ; fe tae y= ghmypne ah | elpesiee note wee gg pee 
the liquid and the air. the temperature reached 95°, the suspension rapidly blackened; the air 
stream was adjusted so that the suspension again became white and remained so while the temperature 
of the liquid was raised to 100°. The reaction was allowed to continue at 100° until a test sample, after 
dilution with an equal volume of acetic acid, no — a a reduction when boiled for a minute 
with a little bismuth oxide (spuriously negative results may be obtained when solutions rich in tog 4 
ethanol and containing a low concentration of an acyloin are boiled with bismuth oxide), this 
none set Sa. A thin film of metallic bismuth which formed on the walls of the flask early in 

the experiment persisted almost to the end and served as a useful rough indicator. After addition of 
water (25 ml.) the solution was heated to boiling and filtered; the filtrate deposited virtually pure 
benzil, and crystallisation was completed by the further addition of water (75 ml.) and cooling to room 
temperature. The yield was 38 g. ap omen p. 95°. Benzoic acid, m. p. 122°, was the main 
by-product of the reaction, and the mother-liq cot slightly discoloured by an impurity which 
became deep brown in alkali. Results for roy we of different solvents were: acetic acid, 2-5 hours, 
36 g.; 25% of 2-ethoxyethanol in acetic acid, 5-5 hours, 37 g.; 10% of water in acetic acid, 24 g. of 
benzil and 8 g. of benzoin after 3 hours; 25%, of water in acetic acid, very little oxidation in 2-25 hours. 
In a blank experiment without the bismuth carbonate, the m. p. of the material obtained by precipitation 
with water had only been reduced from 130° (benzoin) to 125—128° even after 6 hours’ of air. 

Anisil.—Anisoin (25 g.) with acetic acid (90 ml.), technical 2-ethoxyethanol (10 ), and bismuth 
carbonate So, <= ee 110° when the air stream could cope with the re-oxidation of the bismuth 
at the higher tem: ture, was similarly oxidised within 2 hours. Filtration and cooling without 
dilution gave m. p. 134° (18-6 g., *74-5%). With 1 g. of catalyst in acetic acid, the reaction 
required 4-5 hours S (71% yield), but when 1 g. of the inferior catalyst was similarly used it was dissolved 
within 1 hour; 2 g. of the inferior catalyst gave a 71% yield within 3 hours. 

4-Methoxybenzil.—(a) Oxidation with bismuth acetate. 4-Methoxybenzoin (4-03 g.), acetic acid 
(8 ml.), technical 2-ethoxyethanol (16 ml.), and bismuth oxide (3-1 g.) were stirred together at 108° 
(bath-temp.) for 1} hours. After cooling, the solution was filtered and the residue was washed with 
2-ethoxyethanol and then with benzene. The solvent was removed under reduced pressure and bismuth 
compounds were eliminated by filtering a solution of the product in benzene (25 ml.) through alumina 
(2 g.); after removal of the benzene, crystallisation in the ice-chest from methyl alcohol with the 
addition of a little light petroleum gave y-essthonybenell (3-4 g.) as almost colourless prisms, m. p. 
agate ot oe lass ca) ) 58°, which was u by tion from cineole—light leum 
rede | eee! Caer weed alcohol ( aed C, 74-9; H, 5-05. . for C,,H,,0,: C, 75-0; H, 5-0%). a‘Methoxy- 
as being bright yellow and having m. p. of 62—63° (Kinney, J. Amer. Chem. 

a 1929, §1, 108) 


(b) Catalytic oxidation. 4-Methoxybenzoin (15 g.) with acetic acid (54 ml.), technical 2-etho 1 

6 ml.), and bismuth carbonate (25 .) was oxidised at 107° by air, as described for benzil, within 2} hours. 

cooling, the filtered echelon & ited 4-methoxybenzil, m. p. 58° (7-4 g.), and a further 3 g. were 

obtained by working up the mother-liquors as described in the case of the oxidation with bismuth acetate. 
The yield was 70%. 

Furil.—Furoin (20 g.) with acetic acid (90 ml.), technical 2-etho Satenreiaeent 009 a3, 98 and bismuth 
carbonate (3 g.) at 100° in a rapid air-stream was similarly oxidised within ed pon The brown mixture 
was filtered hot through a few mm. of alumina covered -) 
preg ab Arse gh me ina3’’ funnel. This is a most ective way of removing the br 
from discoloured no ens nee oe ee Gente 
Suueth Ganaienunstedes 66° (12-5 g.), on cooling, and a further 1-2 g. were obtained from 
the mother-liquors. 

Experiments with Bismuth Oxide and with Oxygen.—Use of o in an apparatus for catalytic 
hydrogenation, with benzoin (0-25 mol.), bismuth oxide (0-004 mol.), and acetic acid (100 ml.), at 100°, 
led to an initial absorption at 200 ml. ss , but the rate rapidly decreased owing to the cohering 
of the bismuth into heavy flocks, and uptake of the theoretical amount of oxygen required 0-75 hour; 
the benzil isolated was contaminated with benzoin. The time required was almost halved when 
arrangement was made for the oxygen to be over the stirred mixture by a system of aspirators. 
In a blank experiment, carried out similarly but without the bismuth oxide, the oxygen was absorbed 
in 200 minutes, but there was considerable discoloration, production of much benzoic acid, and at least 
20% of the benzoin remained unattacked. 


BrrKBEcK CoLLecge, Lonpon, E.C.4. (Received, April 3rd, 1951.) 
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426. The Preparation of Some Substituted Butadienes. 


By H. GupGeon, R. Hitt, and E. Isaacs, 


1-Cyanobuta-1 : 3-diene is prepared by pyrolysis of esters of 1l-cyano- 
but-3-en-2-ol, acetaldol cyanohydrin, and crotonaldehyde cyanohydrin. 
2-Chloro-1-cyanobuta-1: 3-diene is similarly obtained by pyrolysis of 
l-acetoxy-2-chloro-l-cyanobut-2-ene, and the alkyl buta-1 : 3-diene-1- 
carboxylates from alkyl l-acetoxybut-2-ene-1-carboxylates. 


Burns, Jones, and Ritcuie (J., 1935, 400, 714) showed that a-hydroxy-esters and -nitriles 
could conveniently be converted into the corresponding «$-unsaturated compounds by pyrolysis 
of their acyl derivatives. We have applied this procedure to the preparation of a number of 
conjugated dienes, viz., buta-1 : 3-diene and its l-cyano-, 2-chloro-l-cyano-, and 1-carbalkoxy- 
derivatives. The preparation of buta-1 : 3-diene by pyrolysis of 2 : 3-diacetoxybutane was 
subsequently developed in America on a semi-commercial scale and an excellent account of the 
development work is already available (Morell, Geller, and Lathrop, Ind. Eng. Chem., 1945, 37, 
877). Others of our results have already been very briefly described elsewhere (B.P. 483,989, 
515,737, 520,272, 523,080) but they are now being presented in greater detail, together with 
some related work. 

1-Cyanobuta-1 : 3-diene was first obtained by Coffmann (J. Amer. Chem. Soc., 1935, 57, 
1981) in poor yield by reaction of 1-chlorobuta-2 : 3-diene with sodium cyanide. We obtained 
the diene in good yields by the following three routes : 


(i) | CH,ClCH(OH)-CH:CH, —»> CN-CHyCH(OAc)-CH:CH, 
(ii) | CH,yCH(OH)-CH,CHO —» CH,-CH(OAc)-CH,-CH(OAc)*CN —» CH,{CH-CH:CH-CN 


(iii) CH,-CH°CH-CHO —> CH,-CH:CH-CH(OAc)-CN 


Since this work was completed, two variants of route (i) have been published (Wingfoot, U.S.P. 
2,473,486; Bissinger et al., J]. Amer. Chem. Soc., 1947, 69, 2955). On using route (ii), two 
isomeric by-products were obtained with the composition (C;H,O,N) of a compound formed by 
the fission of one molecule of acetic acid, but these products were not characterised. The third 
route, in which the elimination of acetic acid from the acetate of crotonaldehyde cyanohydrin 
was accompanied by migration of the double bond, was the most convenient. This method has 
since been used by Snyder, Stewart, and Myers (J. Amer. Chem. Soc., 1949, 71, 1055) who 
preferred to use the benzoate rather than the acetate; they showed that in either case the 
cyanobutadiene formed is a mixture of the cis- and the trans-isomer, which can be separated by 
distillation. The third type of route was also found convenient for the preparation of 2-chloro-1- 
cyanobuta-1 : 3-diene from 1l-acetoxy-2-chloro-l-cyanobut-2-ene. In this instance the fission 
was very sensitive to temperature; at temperatures very slightly higher than that required for 
efficient splitting, a side reaction set in with elimination of hydrogen chloride. From the high- 
boiling by-products of the reaction a crystalline dimeride of 2-chloro-1-cyanobuta-1 : 3-diene 
was deposited in a state of high purity. 

Crotonaldehyde was also the starting point for the preparation of alkyl buta-1 : 3-diene-1- 
carboxylates, crotonaldehyde cyanohydrin being converted into the alkyl 1-hydroxybut-2- 
ene-l-carboxylates, which were acetylated and pyrolysed : 


CH,°CH:CH(OH)*CN ——> CH,°CH:CH’CH(OAc)*CO,R ——» CH,:CH-CH:CH:CO,R 


When R is ethyl or a higher alkyl group, pyrolysis can take an alternative course, with the fission 
of butadiene-l-carboxylic acid from the ester to form the olefin derived from R (cf. Burns, 
Jones, and Ritchie, Joc. cit.); e.g., the methyl, ethyl, and n-butyl esters on pyrolysis at 480— 
500° gave 73, 40, and 35% yields respectively of the corresponding alkyl buta-1 : 3-diene-1- 
carboxylates; the ethyl ester yielded much ethylene, and from the butyl ester but-l-ene was 
isolated equivalent to 34% of the ester pyrolysed. 


EXPERIMENTAL. 
(Analyses are by Mr. E.S. Morton. M. p.s are uncorrected.) 


A pparatus.—The pyrolysis equipment consisted essentially of a Pyrex- lass tube 1 m. long and of 
5 cm. internal diameter packed with }-in. Raschig rings of unglazed porce or stainless steel. The 
tube was mounted in a vertical, electrically heated furnace, and the operating temperature was 
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determined by means of an iron-constantan thermocouple sliding in a glass tube of 1 cm. diameter lying 
along the axis of the pyrolysis tube. The ester was fed at room temperature into the tube, the upper 


section (30 cm.) of which acted as a preheater and vapouriser, and the pyrolysate was collected in a 
‘water-cooled flask. 


A. 1-Cyanobuta-1 : 3-diene.—(a) From  2-acetoxy-1-chlorobut-3-ene. Aes nt met -2-01 (cf. 
Bissinger et al., loc. cit.) was acetylated with acetic anhydride in — to wes 2-acetoxy-1-cyanobut-3- 
ene, b. p. 118°/20 mm. (Found: N, 9-8. C,H,O,N —— N, 10-1%) ester (14 mere «Dip ohaged fed . 
3 $e per minute to the pyrolysis pd at 500—510°. The condensate was washed 

ueous sodium carbonate, gSO,), and distilled to give 1-cyanobuta-1 : 3-diene (4 “y" &: “ 
7%) B PF 48—50°/24 mm. (Pound & 75-4; H, 63; N, 17-2. Cale. for C§H,N: C, 76-0; H, 63 


(b) From acetaldol. Acetaldol (88 g.; b. p. 57—60°/3 mm.), eoeone by twice fractionating 
technical acetaldol through a short column, was converted into its cyanohyd acetylated under the 
conditions described for crotonaldehyde [see (c), below). Fractionation o ney crude acetylation product 
gave 1 : 3-diacetoxy-1 requires ©. 645; HL. 78%). 3: 8 150°/22 mm.; 2? 1-4304 (Found: C, 54-6; H, 
: C,H, ires C, 54-2; 1-0%). The di-ester (199 g.) was fed at 5 g. per 
pyro and from the condensed fee bong l-cyanobuta-| : 3- 
diene ar. -5 g., 60%) was isolated as described aS ay (c), below. Two higher-boi isomeric fractions 
were also obtained : (i) b. p. 95—97"/13 mm., #2 1-4368 (Found: C, 0-8: H, ; N, 10-0%), and 
(ii) b. p. 104—107°/12 mm., ni? 1-4460 (Found : C, 61-0; H, 6-7; N, 9-9. cHO.N —— C, 60-5; 
H, 6-5; N, 101%). On pyrolysis these compounds gave high yields of “aa 1 : 3-diene. 


(c) From crotonaldehyde. Acid-free ee Const -) was added with sti , during ¢ hour, 
to 98% technical hydrogen cyanide (28 &) pore insper ip ney ine (L g.) at 20—30°. mixture was 
cooled to —20° and then acidified wi (5 <4 and the%crude cyanohydrin was run into 
refluxing acetic anhydride (102 g.) containing sulphuric acid (0-2 g.) at such a rate as to the mixture 
gently boiling, and then refluxed for } hour. cooled reaction mixture was washed from acid 
with aqueous sodium carbonate, and the separated oil was dried (MgSO,) and distilled to give l-acetoxy- 
l-cyanobut-2-ene (114 g., 82%), b. p. 97—100°/20 mm. The ester (139 g-) was fed at 5 g. per minute 
into the pyrolysis tube kept at 490—510°. The condensed pyrolysate was washed free from acid with 
aqueous sodium carbonate, and the separated oil dried ( 4), treated with quinol (0-1 6. and 
fractionated to give 1-cyanobuta-1 : 3-diene (63-5 g., 80%), b. p. 48—50°/24 mm., nj 1- 4878. ese 
et al. (loc. cit.) give cis-, b. p. 49-5°/31-5 mm., n7? 1-4852, altel. b. p. 57-3°/31- —. nz? 1-4960 

Other esters of ae cyanohydrin by the action of the a iate acid 
chloride: pr . 95—96°/12 mm., n?? 14383 ( ound: C, 62-8; H, 71; N, 9-0. i 
Tequires C, 62- H, ; N, 91%); benzoate, b. p. 159—160°/12 mm. methyl carbonate, 
108°/20 mm., a 1- coe (Found: C, 54-0; H, 6-0; N, 9-0. C,H,O,N requires 3, 54-2; H, 5- :: x, 
9-0%). Pyrol ysis of these esters at 500° also gave L-cyanobuta-1 : 3-dien 

B. 2-Chloro-1-cyanobuta-1 : 3-diene.—By using + oh conditions deiinte above for crotonaldehyde 

ohydrin, a-chlorocrotonaldehyde cyanoh ey and acetylated to give 1l-acetoxy-2- 
1-cyanobut-2-ene (yield 85%), b. p. 104°/ im. 82 (Found : N, 8-0; Cl, 20-9. C,H,O,NCI 
coqutees I 8-1; Cl, 20-4%). ed eee unitate Sibi sade cyanea kept at 
490—500°, and when the condensate was worked up as descri under l-c uta-1 : 3-diene three 


fractions were obtained : (i) b. p. 54—58°/25 mm. (59 g.); (ii) b 58— 1007/25 mm. + g-); (iii) ) bP 
100—120°/25 mm. (35 g.); residue 15 g. Fraction (i) on redisti gave 2-chloro- 

diene, b. p. 51—52°/20 So. nw 1-5150 (Found : C, 53-1; H, 3-8; Nt: 128; Cl, 30-9. C,H,NCI requires 
C, 52-9; H, 3-6; N, 12-3; Cl, 31- 2%). When heated at 100°, the diene became viscous and set to a 
rubbery gel after a few hours. Fraction (iii) was mainly ry ester. Fraction (ii) on being kept 
deposited about half its erg of a crystalline dimeride, m. p. 120° ~— (Gyescopic of oS on ion 


buta-1 : 3-diene [Found 52-8; H, 3-7; N, 12-6; Cl, Poo. A945 in benzene), 
(C,H,NC)I), requires C, 52-9; H, 36; N, 12- 3; Cl, 31: 2%; M }- the peed rola temperature 4 
unusually critical; below 480° splitting was inefficient, and above 500° muc was formed together 
with gaseous by-products including hydrogen chloride 


C. Alkyl Buta-1 : 3-diene-1-carboxylates.—(a) Alhyl 1-hydroxybut-2-ene-1-carboxylates.—A solution 

of 35% hydrochloric acid (125 c.c.) and hydrogen chloride (160 g.) in methyl alcohol (480 g.) was added 

with stirring to crude crotonaldehyde cyanohydrin (527 g.) in methyl alcohol (480 g.) at 70°. After 

3 hours the deposited ammonium chloride was collected and the filtrate distilled to give methyl 1- CH.8, 
but-2-ene-1-carboxylate (440 g.. 71%), b. p. 80—84°/15 mm. (Found: sap. equiv., 130-8. 

requires sap. equiv., iiarty! he ethy] ester (b. p. 90°/20 mm.) and the n-butyl ester (b. Pp. 110°/15 mm. } 

were prepared similar 


(b) Esters of ne l-carboxylic acid. Methyl 1-hydroxybut-2-ene-1-carboxylate was 
acetylated by the method used for a i008 (Foena: to give methyl 1-acetoxybut-2-ene-1- 
carboxylate (yield 92%), b. p. 100°/10 mm., nf Found: sap. equiv., 85-2. C,H,,0, uires 
sap. equiv., 86). The acetyl derivatives of the ethyl ester (b. p. 110—115°/15 mm.) and the n-butyl 
ester (b. p. 130°/15 mm.) were also prepared. 


(c) Esters of buta-1 : 3-diene-l-carboxylic acid. (i) Methyl buta-l : 3-diene-l-carboxylate. Methyl 
l-acetoxybut-2-ene-1l-carboxylate (172 ¢. ) in ene (344 g.) was fed at 6 g. of solution per minute to the 
pyrolysis tube maintained at 480—500°. The condensate was worked up as before and twice distilled to 
oe = buta-1 : 3-diene-1-carboxylate (82 g., 73%), b. p. 50—5 °/20 mm. (Kohler and Butler, 

hem. Soc., 1926, 48, 1041, give b. p. 77—80°/25 mm.) ; 1-4765, d? 0-9618 (Found : C, 
436: nn, 7-4%; sap. equiv., 112; (R]p, 32-87. Calc. for CgH,O,: C, x Ay H, 7-2%; sap. equiv., 112; 





1928 Notes. 


[R]p, 30-58). Hydrolysis wih [ha hydroxide gave buta-1 : 3-diene-1-carboxylic acid, 
m. p. 70—73° (Nottbohm, em, 1947 73, gives m. p. 70—72°). The ester (5 g.) reacted 
vigorously with maleic aakydride (2-5 g.) on being warmed to give an adduct, m. p. 1091 0° (from 
benzene). 


(ii) Ethyl buta-1 : 3-diene-l-carboxylate. BP os ae of ethyl 1l-acetoxybut-2-ene-l-carboxylate 
under the above conditions Lge ethyl buta-1 e- for COs: (O% yield). b. abo) 63—65°/18 mm., 
d?° 0-946, n?? 1-4785 (Found: C, 66-5; H, 8- 5. Calc. for C,H »~O Von Auwers 
(Annalen, r #4 482, 68) gives b. p. 59-9°/18 mm., d}”* 0-9382, nh. ie q “410. ~~ was evolved 
during the pyrolysis. 


(iii) »-Butyl buta-1 : 3-diene-l-carboxylate. Pyrolysis of n-butyl l-acetoxybut-2-ene-l-carboxylate 
at 6 g. per minute and 480—500° gave n-butyl buta-1 : 3-diene-1-carboxylate 5% yield), b. p. 91— 
93°/20 mm., n}y 1-4745 (Found: C, 70-2; H, 91%; sa sap. equiv., 155-5. C,H,,O, requires C, 70-1; 
H, 9-1%; sap. equiv., 154). But-l-ene equivalent to 34% of the ester pyrolysed was also isolated. 


IMPERIAL CHEMICAL INDUSTRIES LIMITED, RESEARCH LABORATORIES, 
HeExaGon House, BLACKLEY, MANCHESTER, 9. [Received, April 18th, 1951.) 
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427. Degradation of «-Amino-acids to Aldehydes and Ketones by 
Interaction with Carbonyl Compounds. 


By RapwaNn MovuBASHER. 


In addition to the forty ketones which are capable of degrading a-amino-acids to the 
corresponding aldehydes or ketones with one carbon atom less (Schénberg e¢ al., J., 1948, 176), 
the nitrogen analogues of o- and p-quinones (e.g., phenanthraquinone-imine, indophenol, and 
2 : 6-dichlorophenol-indophenol) effect this change in boiling water. It is uncertain whether 
they act directly or after hydrolysis; e.g., phenanthraquinone-imine is very easily hydrolysed 
to the quinone and it is possible that the observed reaction is due to this compound. However, 
even if they themselves react, they probably do so in a similar manner to the quinones 


(cf. Schénberg e¢ al., loc. cit.). 

Recently, Moubasher (J-:, 1951, 231) found that piperonaldehyde very slowly effected the same 
change in boiling water, and Baddar (J., 1949, S 163) described a number of such degradations 
with nitrobenzaldehydes in 75% aqueous pyridine. It has now been found that fluorenone, 
which is inactive in neutral solution, degrades alanine, a-aminoisobutyric acid, leucine, and 
valine in the same mixed solvent in good yield. 


Experimental.—Action of phenanthraquinone-imine, indophenol, and 2 : 6-dichlorophenol-indophenol 
on leucine. The quinone-imine (0-5 g.), leucine (0-6 g.), and mp ey T (0-5 g.) or 2: 6-dichlorophenol- 
— (0-6 g.) were mixed with water (50 c.c.) in a Claisen fitted with an upright condenser, 

ich were attached a Liebig condenser and a receiver. With a continuous current of carbon dioxide 
passing through it, the mixture was distilled until its volume was reduced to about 20 c.c.(l hour). The 
distillate was collected in a receiver containing a solution of 2: po pee sean ime ae (0-3 g. in 
25 c.c. of alcohol). The contents of the receiver were treated with concentrated hydrochloric acid 
(5 c.c.) and cooled in ice; isovaleraldehyde 2 : 4-dinitrophenylhydrazone was obtained and identified 


by its m. p. and mixed m. p. With phenanthraquinone-imine the yield was about 10%, but with the 
other two compounds it was smaller. 


Action of fluorenone on a-amino-acids in aqueous pyridine. The experiment was carried out as above 
but with fluorenone (1 g.) and alanine (0-5 g.), a-aminoisobutyric acid (0-5 g.), leucine (0-5 g.), or valine 
(0-7 g.), and aqueous pyridine (50 c.c., 75% by vol.) for 3 hours; acetaldehyde, acetone, tsovaleraldehyde, 
and S obutaldchyde, respectively, were obtained as their 2: 4-dinitrophenylhydrazones, identified by 
m. p. and mixed m. p. The yield in each case was more than 30%. 


Fovap I University, Facutty oF Science, Carro, EGypt. (Received, December 4th, 1950.) 
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428. Some Derivatives of Diacetyl. 
By H. C. Barany, E. A. Braupe, and M. Pianxa. 


In connection with other work, the preparation and properties of some derivatives of diacety] 
have been investigated. The results are briefly recorded here. 

When diacetyl monoxime is treated with an equivalent of hydrazine hydrate in the cold, 
mainly diacetyl hydrazone oxime is obtained (Darapski and Spannagel, J. prakt. Chem., 1915, 92, 
272) whereas on heating it with excess of hydrazine hydrate, replacement of the oximino- by a 
hydrazono-group occurs and diacetyl dihydrazone is produced. Similarly, the dihydrazone is 
formed by heating diacetyl dioxime with excess of hydrazine hydrate. 

The direct reaction of diacetyl with hydrazine hydrate gives diacetyl] monohydrazone and 
the azines (I) and (II) in proportions depending on the conditions (Diels and Pflaumer, Ber., 
1915, 48, 226). The diazine (II) is also obtained by the reaction of diacetyl dihydrazone with 
diacetyl. The dioxime (III) is readily prepared from diacetyl dihydrazone and diacetyl monox- 
ime, but no reaction occurred between the dihydrazone and diacetyl monohydrazone even on 
melting the two substances together. An alternative attempt to prepare the dihydrazone of 
(II) by heating (II) with hydrazine hydrate resulted in a breakdown of the azine chain, the only 
product obtained being diacetyl hydrazone oxime or diacetyl dihydrazone. 

Ultra-violet light absorption data for various diacetyl derivatives in ethanol solution are 
collected inthe Table. In contrast to the observations made with monoazines (Barany, Braude, 
and Pianka, J., 1949, 1898), diacetyl polyazines do not exhibit the usual bathochromic dis- 
placements of the characteristic maxima with increasing number of unsaturated groups, and 
effective conjugation does not appear to extend over the whole of the conjugated chain in 
these systems. 


O=CMe-CMe=N-OH 
O=CMe-CMe=N-NH 
NH, N=CMe-CMe=N-NH, 


(O=CMe-CMe=N-), (I) . 


(EBO-SOMC Re CBSE fg sn cae ine one sce ssc ose ncesesceesecesecseseocte 
(O=CMe-CMe=N-N=CMe*), (II.) 2. .:.seeceseecseseesesceesesees 
(HO-N=CMe-CMe=N-N=CMe-), (III) 


Diacetyl Dihydrazone.—This compound was obtained in good yields an excess of hydrazine 
hydrate with (1) 1 monohydrazone (Diels and Pflaumer, Ber., nye ae 226) for 30 minutes, 
(ii) diacetyl monoxime ta dibenny bon hag te hydrazone oxime for 10 hours, or (iv) diacetyl dioxime 
for 10 hours. It formed lidene derivative, m. p. 125° (Darapski and Spannagel, loc. cit., give 
m. p. 120°). 


3:6: 7: 10-Tetramethyl-4 : 5 : 8 : 9-tetra-azadodeca-3 : 5 : 7 : 9-tetraene-2 : 11-dione (II) and its Dioxime 
(III).—The diazine (II) was obtained by the reaction « of i 


in water (18 mal). 
from xylene and then had m. p. 193° (Found | 
H, 7-1; N, 30-0%). 


IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, 
Lonpon, S.W.7. (Received, February 9th, 1951.) 
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429. Synthesis of 6-Alkyl-2-thiouracils labelled with Radioactive 
Sulphur. 


By J. Bett and K. A. MacpDonaLp. 


Tue synthesis of thiourea and of 6-methyl-2-thiouracil labelled with radioactive sulphur, *5S, 
has been reported by Ernsting and Nauta (Landboukundig Tijdschrift, 1949, 61, 903) and of 
thiourea and 6-n-propyl-2-thiouracil by Bills and Ronzio (U.S. Atomic Energy Commission, 
A.E.C.U.—619) and Murray and Ronzio (A.E.C.U.—621). In the present work, undertaken 
before these reports were available, 6-ethyl- and 6-n-propyl-2-thiouracil labelled with radio- 
active sulphur were prepared by similar methods for use in studies of their distribution and 
metabolism. 

Reduction of the precipitated barium sulphate to sulphide by hydrogen at 1000° proved 
more satisfactory than the reduction by carbon used by Ernsting and Nauta (/oc. cit.) and by 
Peters (Biochem. J., 1947, 41, 370). 

It was also found that separation of the thiourea in a pure condition was more readily 
effected if the hydrogen sulphide and cyanamide were allowed to react, at room temperature, 
in anhydrous ethyl alcohol, all reagents being rigorously dried. 

On a 10-millimole scale the overall yield of thiourea from sulphate was 79—83% and that of 
the thiouracil from sulphate 53—57%. 

A preliminary survey of the distribution of 6-n-propyl-2-thiouracil when injected into rats 
has shown a significantly increased concentration of radioactive sulphur in the thyroid gland, 
but 90% of the sulphur administered as thiouracil was excreted within 24 hours, in agreement 
with recent observations on the distribution of labelled thiourea (Schulman and Keating, 
J. Biol. Chem., 1950, 188, 215; Schulman, ibid., 1950, 186, 717) and 6-methyl-2-thiouracil 
(Bezem, Brunnekruft, Ernsting, Lever, and Nauta, Acta Endocrinol., 1949, 3, 151). Of the 
excreted sulphur, 67°2% was in the form of the unchanged thiouracil, 18°8% as organic 
metabolites, 3°8% as ethereal sulphates, and 10°2% as inorganic sulphate. 


Experimental.—Reduction of sulphate to sulphide. Radioactive sulphur (1 mc.), as soluble sulphate, 
was diluted by the addition of anhydrous sodium sulphate (1-5 g.) and the total sulphate precipitated as 
barium sulphate. The washed and dried precipitate was inserted, in a elain boat, into a silica tube. 
A stream of hydrogen was passed through the tube which was heated during 2 hours to 1000° and kept 
at that temperature for 1-5—2 hours. Parallel a on non-isotopic material showed that under 
these conditions 99-8% of the sulphate was reduced to sulphide. 


Preparation of thiourea. The thiourea was prepared by the method basically described by Baumann 
(Ber., 1875, 8, 26). The reaction vessel, a gas trap protected by a pee oxide drying tube, was 
charged with cyanamide (0-444 g., 10 millimoles) in anhydrous othy alcohol (12 c.c.) and immersed in 
liquid air. Dry ammonia [from ammonium chloride (1 g.) and excess of calcium oxide] was led into the 
reaction vessel, followed by hydrogen sulphide generated by the action of dilute hydrochloric acid on 
the barium sulphide mixed with aluminium —— (3 g.) and dried over phosphoric oxide. The inlet 
and outlet tubes of the reaction vessel were th n cated ond the vessel was set aside, with occasional 
shaking, at room tem oo for 8 days. The veal was + abe again immersed in liquid air, re-opened, 
and hydrogen sulphide removed by gentle boiling in a slow stream of hydrogen and determined by 
absorption in iodine solution. The contents of the vessel were evaporated until thiourea began to 


crystallise and were then cooled. The thiourea was filtered off and recrystallised from dry alcohol (yield, 
0-634 g., 79%; m. p. 179—180°). 


Condensation of thiourea with keto-esters. The method described a Robinson and Tomlinson 
7) 


(J., 1935, 1283) and by Anderson e¢ al. (J. Amer. Chem. Soc., 1945, 67, 2197) was adapted to the use of 
small quantities of material. 


(a) 6-Ethyl-2-thiouracil. Labelled thiourea (0-695 g., 9 millimoles), ethyl -ketovalerate 
(1-32 g.), and sodium (0-213 g.) were heated in anhydrous ethyl alcohol (4-6 c.c.) for 5 hours. After 
evaporation to dryness the residue was dissolved in boiling water (9 c.c.), and the ethylthiouracil 
precipitated by the addition of concentrated hydrochloric acid (1-28 c.c.) and acetic acid (0-9 c.c.), 
dried at 120°, and recrystallised from alcohol (yield, 0-98 g., 68-6%; m. p. 228°). 


(b) 6-n-Propyl-2-thiouracil. This was prepared by the method described above by the condensation 
of labelled thiourea (0-6 g., 8 millimoles) and ethyl 3-ketohexanoate (CO,H = 1) (1-25 g.), and 
recrystallised from aqueous alcohol (yield, 0-96 g., 713%; m. p. 218°). 


We are grateful to Drs. R. Schoental and S. C. Curran who supervised the animal experiments and 
the assay of radioactive sulphur respectively, and one of us (K. A. M.) is indebted to the ment of 
Scientific and Industrial Research for a Maintenance Allowance. 


UNIVERSITY OF GLASGOW. (Received, February 12th, 1951.) 
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430. Anomalous Reactions of Phenetole Halides. 
By Maxwett Gorpon. 


WE have confirmed Grignard’s observation (Compt. rend., 1904, 188, 1048) that neither 2-bromo- 
nor 2-chloro-ethyl phenyl ether gives a Grignard reagent, since no §-phenoxypropionic acid is 
obtained on carboxylation. Thus the compound titrated by Gilman and McCracken (Rec. 
Trav. chim., 1927, 46, 469) was evidently phenoxymagnesium chloride. Abnormal results 
were also obtained in the reaction with sodium cyanide, which with 2-bromoethyl phenyl ether 
gave a 30% yield of 1 : 2-diphenoxyethane, m. p. 94—95° (Found: C, 78°8, 78°5; H, 6°7, 6-4. 
Calc. for C,,H,,0,: C, 78°5; H, 6°6%), the identity of which was proved by its mixed m. p. 
with an authentic specimen and by its infra-red spectrum. 

2-Chloroethyl phenyl ether and magnesium afforded some phenoxymagnesium chloride and 
ethylene, but no phenoxypropionic acid after carboxylation. We also isolated approximately 
20% of 1 : 4-diphenoxybutane, m. p. 97°5—98° (Found: C, 79°3; H, 7:4. Calc. for C,,H,,0, : 
C, 79°3; H, 7-4%), the identity being proved by infra-red spectra and by depression of the m. p. 
of the 1: 2-isomer. Grignard (loc. cit.) also obtained a small amount of | : 4-diphenoxybutane 
from 2-bromophenetole. 

These reactions are being investigated further. 

By contrast, 3-phenoxypropyl bromide reacts normally with cyanide, to give y-phenoxy- 
butyronitrile (Marvel and Tanenbaum, J. Amer. Chem. Soc., 1922, 44, 2645). The labile nature 
of alkyl-oxygen bonds in alkyl aryl ethers has been noted many times (Wheland, ‘‘ Advanced 
Organic Chemistry,” Wiley, 1949, pp. 555—561), but the reagents involved are usually strong 
acids and the products are usually alkylphenols and olefins. Thus, the isolation of 1 : 2-di- 
phenoxyethane is of interest. 

2-Phenoxyethyl halides thus represent a special case, perhaps not surprisingly inasmuch 
as the 1 : 4-disposition of reactive atoms often results in reactivity. Thus, for example, Crane 
and Rydon (J., 1947, 766) and Mamalis and Rydon (Nature, 1950, 166, 404) have found that 


compounds of the type R,S°CH,-CH,OPh are easily split by dilute alkali to give, initially, 
+ 
R,S*CH:CH, and sodium phenoxide. 


The work described in this ant gn was sponsored by the U.S. Atomic Energy Commission, and the 


author was an Atomic En mmission Postdoctorate Research Fellow (1949—1950). Grateful 
appreciation is expressed to to” Prof. Melvin Calvin for providing facilities for this work, and to 
Dr. Norman K. Freeman for the infra-red spectra. 


RabDtmaTION LABORATORY, UNIVERSITY OF CALIFORNIA, 
BERKELEY, 4. 
(Present address : 
IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, 
S. Kenstncton, Lonpon, S.W.7.) (Received, March 9th, 1951.) 





431. Chlorination of 1-Chloro-2-naphthol. 
By (Miss) P. M. James and D. Woopcock. 


ZincKE (Ber., 1888, 21, 3378) suggested that chlorination of 1-chloro-2-naphthol in glacial 
acetic acid solution to 1 : 1-dichloro-1 : 2-dihydro-2-ketonaphthalene proceeds by way of the 
keto-1 : 2-dihydro-form. Addition of chlorine gives 1:1: 3: 4-tetrachloro-1 : 2 : 3: 4-tetra- 
hydro-2-ketonaphthalene from which by dehydrochlorination and further addition of one 
molecule of chlorine the 1: 1 : 3: 3 : 4-pentachlorn-compound is obtained. 
Since we required 1 : 6-dichloronaphthol in connection with work which will be 
later, an attempt was made to obtain it by the procedure of Ruggli et al. (Helv. Chim. Acta, 1929, 
12, 1051), viz., slow chlorination in sunlight. In our hands, however, the oily product often 
failed to crystallise; in three cases out of twenty-three, crystalline 1 : 4-dichloro-2-naphthol, 
61 











1932 Notes. 


m. p. 120—121° (cf. Burton, J., 1945, 280), was obtained. When the acetic acid solution was 
kept for six days after chlorination, 1 : 3 : 4-trichloro-2-naphthol crystallised, whilst on one 
occasion the pentachloro-compound, m. p. 113°, was isolated, identical with that obtained by 
Fries and Schimmelschmidt (Annalen, 1930, 484, 295) by chlorination of 2-hydroxy-3-naphthoic 
acid. The tetrachloro-compound has also been isolated, but was more reliably prepared by 
chlorination of 1-chloro-2-naphthol in carbon tetrachloride. 

Oxidation of the various crystalline products by alkaline potassium permanganate invariably 
gave phthalic acid and there was no evidence of substitution in the 6-position. Thus, whilst 
bromine substitutes in the 1- and then in the 6-position of 2-naphthol (Franzen and Stauble, 
J. pr. Chem., 1921, 108, 352), the claim by Ruggli et al. (loc. cit.) to have prepared 1 : 6-dichloro-2- 
naphthol by the action of chlorine on the 1-chloro-compound has not been substantiated. Since 
no confirmation of orientation was offered there is some doubt about the identity of their product, 
m. p. 119°5°. 


Experimental.—1 : 4-Dichloro-2-naphthol. A solution of 1-chloro-2-naphtho! (9-5 g.) in glacial acetic 
acid was subjected to a stream of dry chlorine while illuminated by an ultra-violet lamp, and after an 
increase in weight of 1-8 g. had been recorded the product was isolated as described by Ruggli et ai. The 
dark red oil on trituration with chloroform—light petroleum (b. p. 40—60°) gave a solid product which 
crystallised from light petroleum (b. - 60—80") (carbon) in wore m. p. 120—121° (Found: C, 56-2; 
H, 2-9; Cl, 33-3. Calc. for C,H, l,: C, 56-3; H, 2-8; Cl, 33-3%). Admixture with an authentic 
specimen of 1 : 4-dichloro-2-naphthol, kindly supplied by BL H. Burton, did not depress the m. p. 


The identity was confirmed by the preparation of the acetate and the naphthyloxyacetic acid described 
below, neither of which depressed the m. P. of specimens prepared from Burton’s | : 4-dichloronaphthol. 
The acetate crystallised from aqueous meth e hol in stout prisms, m. p. 85—-85-5° (Found : C, 56-3; 
H, 3-4. Calc. for C,,H 10,01, : C, 56-4; H,3-2%). Zincke (loc. cit.) gives m. p. 90—91°. 1: 4-Dichloro- 

2-naphthyloxyacetic act d, prepared by condensing the sodium salt of the naphthol with ethyl bromoacetate 
in ethyl alcohol, crys d from acetic acid in prisms, m. p. 188—189° (Found: C, 53-3; H, 3-0; 


Cl, 25-9. C,,H,O,Cl, requires C, 53-1; H, 2-95; Cl, 26-2%). 


Oxidation of the naphthol, prepared as described above, with alkaline potassium permanganate gave 
only phthalic acid, m. p. 204—205°. 


1.1:3:3: 4-Pentachloro-1 :\2 : 3: 4-tetrahydro-2-ketonaphthalene. The uct from one experiment 
carried out as above crystallised from light petroleum (b. p. 60—80°) in pale yellow prisms, m. p. 112— 
113° (Found : C, 38-1; H, 1-5; Cl, 55-7. Calc. for C,,H,OCI, : C, 37-7; H, 1-6; Cl, 55-3%), undepressed 
on admixture with an authentic specimen prepared according to Fries and Schimmelschmidt (loc. cit.). 


1: 3: 4-Trichloro-2-naphthol. If chlorination was continued until the increase in weight was 
ca. 5-5 g. and the whole set aside for 6 days, a pale yellow solid was obtained which crystallised from 
aqueous methyl alcohol in prisms, m. p. 160—161° (Found: C, 48-7; H, 2-0; Cl, 42-5. Calc. 
for C,gH,OCI,: C, 48-5; H, 2-0; Cl, 43-0%). This product also gave phthalic acid on oxidation with 
alkaline potassium permanganate. 


1: 1:3: 4-Tetrachloro-1 : 2:3 : 4-tetrahydvo-2-ketonaphthalene. A slow stream of dry chlorine was 
passed through 1-chloro-2-naphthol (3-8 g.) dissolved in carbon tetrachloride (20 ml.), until there was 
no further gain in weight. The clear solution was diluted with light petroleum (b. p. 40—60°; 2 vols.) 
and set aside overnight at 0°, and the colourless crystalline product, m. p. 99—101°, was collected 
(Found: C, 42-3; H, 2-3; Cl, 49-8. Calc. for C,H,OCI,: C, 42-2; H, 2-1; Cl, 500%). Zincke 
(loc. cit.) gives m. p. 102—103°. Oxidation gave phthalic acid and reduction with stannous chloride in 
hydrochloric acid gave a product, m. p. 69—72°, alone or mixed with authentic 1 : 3-dichloro-2-naphthol. 


DEPARTMENT OF AGRICULTURE AND HORTICULTURE, 
UNIVERSITY OF BRISTOL, RESEARCH STATION, 
LonG ASHTON, BRISTOL. [Received, April 5th, 1951.) 
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432. Polyvinyl Alcohol as Indicator in Iodometry. 


By Samuet A. MILLER and ARTHUR BRACKEN. 


STARCH, even acid-solubilised starch, is not an ideal indicator for iodine titrations. The chief 
disadvantages attending its use are its insolubility in cold water, the instability of its aqueous 
dispersions, the fact that the indicator cannot be added at the beginning of the titration, and 
the drift of the end-point when the solutions are dilute. Peate, Bourne, and Thrower 
(Nature, 1947, 159, 810) proposed the use of sodium starch glycollate in which the ratio of 
glycollic acid to glucose units is approximately 1 : 10. 

It has long been known that polyvinyl alcohol gives a blue colour with iodine, similar in 
many ways to that given by starch (Staudinger, Frey, and Starck, Ber., 1927, 60, 1782; 
Herrmann and Haehnel, ibid., p. 1658; “‘ Polyvinylalkohole,” F. Kainer, Stuttgart, 1949, 
p. 50). We have now found that this blue colour is given only by completely deacetylated 
polyvinyl alcohol. Polyvinyl alcohol containing 10% or more of residual acetate groups gives a 
crimson colour, as indeed do also aqueous-alcoholic solutions of polyvinyl acetate. This crimson 
colour appears to be most sensitive with a polyvinyl alcohol containing about 20 mol.-% of 
residual acetate groups. At very high dilutions of iodine the colour is brownish-yellow and can 
be readily detected with the naked eye at iodine concentrations of 3 x 10-*Nn. in potassium 
iodide solutions of concentration 0-002 g./l., and at iodine concentrations of 10-*n. in potassium 
iodide solutions of concentration 0°0004 g./l1. We were unable to obtain any visible colour with 
starch solutions at these concentrations, the blue colour becoming just detectable with about 
10-*n- and 2 x 10-n-iodine respectively. 

Polyvinyl alcohol with 20 mol.-% of residual acetate groups readily gives a 1% solution in 
cold water and such a solution is stable on storage. 


Experimental.—5-Ml. samples of approx. 0-01N-iodine were titrated with 4-0 ml. of approx. 0-01n- 
sodium thiosulphate, and then 0-5 ant of a 1% solution of the polyvinyl alcohol was added and the 
titration continued to final discharge of the brownish'yellow colour. Successive titrations were 4-08, 
4-09, 4-10, 4-09, 4:10, and 4-08 ml. In each case there was no doubt of the neutral point to 0-02 ml. 
In a parallel titration with the same materials but with starch as indicator, the titration figure was 
4-06—4-08 ml., there being no apparent change on addition of a further 0-02 ml. after 4-06 ml. 


It does not appear to be essential to add the indicator as above; addition of the indicator at the 
beginning gave the same result. Further, there was no drift of the end-point. 


The feasibility of adding the indicator at the beginning of the titration and the lack of drift were 
confirmed for titrations of 0-1N-iodine with 0-1N-sodium thiosulphate. 


The authors thank the Directors of the British Oxygen Company Ltd. for permission to publish this 
communication. 


British OxyGEN Company Ltp., 
LomBarp Roap, Lonpon, S.W.19. [Received, March 14th, 1951.) 





433. 3:4-Benzoxanthens. Part 11.* The Synthesis of 5-, 6-, 
and 7-Methyl-3 : 4-benzoxanthones. 


By Munir Ginpy and IBpranim M. DwiDaR 


5-, 6-, and 7-METHYL-3 : 4-BENZOXANTHONES have been prepared (forthcoming publication), in 
good yields, by oxidation of the corresponding 3 : 4-benzoxanthens (cf. Baddar and Gindy, /., 
1951, 64; Nature, 1946, 157, 409; Gindy, ibid., 1949, 164, 577). 6-Methyl-3 : 4-benzoxanthone (I) 
was obtained in quantitative yield ty cyclodehydration of 4-methyl-2-1’-naphthyloxybenzoic 
acid with phosphéric oxide. However, attempts to obtain this acid by heating methyl 2-bromo- 
4-methylbenzoate and potassium a-naphthyloxide with copper bronze (Knapp, J. pr. Chem., 
1936, 146, 116) gave a very poor yield, so this method was impracticable for the preparation of 
other methyl-substituted 3 : 4-benzoxanthones. 


* Part I, J., 1951, 64. 
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A better method of preparing 5- and 7-methyl-3 : 4-benzoxanthones was to heat methyl 
1-bromo-2-naphthoate (Boyes, Grieve, and Rule, J., 1938, 1833) with the potassium salt of a 
cresol (II; o-, Ry = R, = H, R, = Me; p-, R, = Me, R, = R; = H) in presence of copper 


aN 


WV 
(I1.) 


R, 
AN \rR 
Oe Me + Ko/)R I} Ri 


bronze to give l-o- and 1-p-tolyloxy-2-naphthoic acid, (III; R, = Me, R, = R, = H) and 
(III; R, = Me, R, = R, = H), respectively. These were then cyclodehydrated quantitatively 
in dry benzene with phosphoric oxide to the corresponding methyl-3 : 4-benzoxanthones. The 
1-m-tolyloxy-acid (III; R, = Me, R, = R, = H), prepared by heating methyl 1-bromo-2- 
naphthoate with potassium m-tolyloxide and copper bronze, however, gave on cyclisation a 
mixture of 6- and 8-methyl-3 : 4-benzoxanthones, but owing to lack of material these could not 
be separated. 


Experimental.—(M. p.s are not corrected. Microanalyses are by Drs. Weiler and Strauss, Oxford). 


4-Methyl-2-1’-naphthyloxybenzoic acid. Toa stirred mixture of potassium a-naphthyloxide (4 g., 
mol.) and methy] 2-bromo-4-methylbenzoate (5 g., | mol.) heated in an oil-bath at 180—185°, copper ke 
(1 g.) was added. Stirring and heating were ‘continued for a further 1} hours. The product was 
extracted with acetone, the solvent i.e and the residue refluxed with alcoholic potassium 
hydroxide (70 c.c.; 20%) for 2 hours. alcohol was evaporated, the residue dissolved in water 


(50—60 c.c.), and the solution filtered and acidified. The precipitate was digested with ether, and the 


acid product extracted with sodium carbonate solution. The alkaline layer (charcoal) was acidified, 
and the precipitate was dried and dissolved in hot benzene; the solution slowly deposited an acid (m. p. 
184°) (under investigation) which was filtered off. The mother-liquor was evaporated to dryness and the 
residue crystallised from light petroleum (b. p. 60—80°), to give 4-methyl-2-1’-naphthyloxybenzoic acid 
in colourless needles (0-05 g., oon) m. p. 156° [Found : C, 77-9; H, 5-2%; M (Rast), 273. C,,H,,0; 
requires C, 77:7; H, 5-0%; M, 278] 


1-Tolyloxy-2-naphthoic acids. (i Potassium p-tolyloxide (2:75 g., 1 mol.) was stirred with methyl 
1-bromo-2-naphthoate (5 g., 1 mol.) and copper bronze (1 g.) in a mercury-sealed tube at 200—210° and 
kept thereat for 2 hours. The cold product was worked up as above, and the acid precipitated on 
acidification of the sodium carbonate solution was filtered off and crystallised from dilute methyl alcohol, 
2 give 8 pag naphthoic acid in fine needles (0-8 g., 15%), m. p. 187—188° [Found : C, 77-5; H, 
5-3%; (Rast), 258. C,,H,,O, requires C, 77-7; H, 50%; M, 278). It gave an olive-green colour 
with concentrated sulphuric acid. (ii) The corresponding o-tolyloxy-acid, prepared (oil-bath, 175—180°) 
and worked up =) tpietd crystallised from light petroleum (b. p. 60—80°) in rods, m. a. (Found : 
C, 77:1; H, 51%) (yield, ca. 22%). (iii) The analogous m-tolyloxy-acid (nitrobenzene-bath; 24 hours) 
crystallised from benzene-light petroleum (b. p. 60-—80°) in long needles (ca. 10-5%), m. p. 186° (Found : 
, 17-4; H, 48%). 


Methyl-3 : 4-benzoxanthones. (i) 4-Methyl-2-1’-naphthyloxybenzoic acid (0-05 g., 1 mol.), dissolved in 
dry benzene (3 c.c.), was warmed for 2 hours with phosphoric oxide (0-5 g.) in a flask fitted with a 
condenser protected by a calcium chloride tube. The thoroughly cooled product was decomposed with 
ice-cold water acidified with few drops of hydrochloric acid. The benzene layer was separated, washed 
with sodium carbonate solution, and dried. On evaporation of the solvent, the residue crystallised from 
acetone in colourless needles * Oop geen 4-benzoxanthone (yield, ca. 100 eh: m. p. 172° (Found: C, 82-6; 
H, 44%; M (Rast), 277. C,,H,,O, requires C, 83-1; H, 46%; M, 2 (ii) The Semethyl and the 
7-methyl compound, prepared from the appropriate acids in same way, C from acetone 
in needles, m. P. 226° (yield, quantitative) [Found : C, 82-7; H, 46%; M (Rast), 284], and m. p. 166° 
{Found: C, 83-6; H, 46%; M (Rast), 251), respectively. (iii) 1-m-Tolyloxy-2-naphthoic acid, when 
similarly cyclised, gave a mixture of 6- and 8-methyl-3 : 4-benzoxanthones. 


Fovap I University, Facutty or Science, Carro, Ecypt. [Received, March 27th, 1951.) 
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434. Synthesis of Deoxyapoxanthoryletin. 
By ALEXANDER ROBERTSON and W. B. WHALLEY. 


Tue orientation (II; R = H) derived for deoxyapoxanthoxyletin (J., 1937, 286) has now been 
confirmed by its synthesis from 4 : 6-dihydroxy-2-methoxy-3-methylbenzaldehyde (I) which 
has recently become available (J., 1950, 1882). 


On 
a) it eto Oe au 
Me Me 


on —A mixture of 4: 6-dihydroxy-2-methoxy-3-methylbenzaldehyde (1 &.). 
aqueous sodium h pny 8 ml.), and cyanoacetic acid (8 ml. of a solution 
\— Tillotson, A: 1908, 26, 267) was ~ at room oom eee for 24 hours, diltted 
ae water (100 ml.), and duainca with concentrated (6) wa i 2 a The resulting a-cyano-f- 
(4: esr 2-methoxy-3-methylphenyl)acrylic _ a 1, yellow, microc ine 
solid, m. p. 291° ——> and on being hydro’ “1% hysroetionc acid (35 ml.) for 4 
hour gave 7-hydroxy-5-methoxy-6-methylcoumarin- wens Faye acid fir: ) which formed greenish 
yellow, stout peleen prisms (0-8 g.), m. p. 263—-264°, readily soluble in aqueous ium a carbonate 
giving a solution with a magni cent blue-violet fluorescence (Found: C, 57-6; CyH Oe 
requires C, 57-6; H, 40%). 


A mixture of the foregoing acid (0-5 i) See (16 ml. nm ror ont on bronze (2 g.) was heated =:nder 
reflux for 5 — poe al with a yt pee . " a dilute — Mori acid and hone 
ueous sodium hy n carbonate, and evapora “Cryetallised fo m e residue 
gove + uyinany-Sendiony b amstiptemmasio Oi: R = H) in colour a — 36). m. te 199—200° 
ewe in Py! “a with natural deo xyapoxanthoxyletin (Found : Calc. for 
C,,Hy,O 49%). Ethylation of this coumarin (0-1 g.) wii th'potasiom ja tt (1 g.) 
and excess of ethyl lodide i in boiling acetone (30 ml.) for 2 hours gave the 7 x Sy reer tem y 
coumarin which separated from dilute alcohol in colourless needles (0-1 g.), m. p. °, identical with 
sok), ether of deoxyapoxanthoxyletin (Found: C, =~ H, 5-9. Calc. for C a, On: C, 66-7; H, 


UNIVERSITY OF LIVERPOOL. (Received, March 28th, 1951.) 











Obituary Notice. 


OBITUARY NOTICE. 


WILLIAM PALMER WYNNE. 
1861—1950. 


WILt1AM PaLMER Wynne, Emeritus Professor of the University of Sheffield, died on 
February 16th, 1950, three days after his 89th birthday. A man of slight build and stature, 
in later years frail in appearance, with a somewhat ascetic yet attractive countenance, he 
always looked younger than he was and retained his faculties, memory, and acute intelligence 
to the end of his long life. He came of a long-lived family for his father reached the age of 89 
and his paternal grandfather 79. His father, William Palmer Wynne, was born in 1835, the 
son of John Wynne, boot and shoe manufacturer, of Stafford, and married Anne Bates, daughter 
of an ironmonger of Allerley, Coventry. There were ten children of this marriage—seven sons 
and three daughters—William Palmer Wynne, the subject of this notice, born on February 13th, 
1861, at Stafford, being the eldest. The father was employed in the grandfather’s business 
until it was wound up when, in 1871, he moved to Birmingham as manager of a similar business. 

The elder William Palmer Wynne and other members of the family belonged to the religious 
sect of Plymouth Brethren, whose doctrines bred a home atmosphere of such austerity as to 
create in the young child inhibitions and lack of self-confidence which were never quite 
eliminated, although home life became more genial after the family moved to Birmingham when 
he was ten years old. To this early upbringing it is tempting to trace those sterling qualities 
of mind and heart which showed themselves in later life. Living through a period when science 
and religion were in open conflict he retained sincere religious convictions. 

During his school days Wynne showed ability above the average by winning prizes, first at 
the Stafford Grammar School and later at King Edward’s School, Birmingham, where he spent 
five years, from 1871 to 1876, the last year in the sixth form under the Head Master, the 
Rev. E. F. M. MacCarthy. The first suggestion of his future life interest came at this 
period, for, during his last year at school, he studied chemistry under Dr. George Gore, 
who later became a Fellow. of the Royal Society, and at the examination he was 
bracketed first boy of the school. Gore was self-taught in chemistry and an uncon- 
ventional teacher, but he had had experience in the chemical industry and possessed the 
gift of arousing enthusiasm in his pupils. He told them of his experiments, well-known to 
the scientific world at the time, with hydrofluoric acid, of his attempts to isolate fluorine (not 
accomplished until many years later by Moissan) and of the effect of intensive drying in reducing 
chemical reactivity (long before Baker’s and Dixon’s classical work). There was no school 
laboratory in which the boys could work but Wynne improvised experiments at home with a 
“ Statham’s Chemical Cabinet ’’ and became fired with the ambition to become a chemist. 

There appears to have been no suggestion of sending the young enthusiast to the University 
and young Wynne had to start on the hard road to a scientific career by becoming apprentice 
to a firm of manufacturing pharmacists, Messrs. Southall Brothers and Barclay, to whom he 
was introduced by Dr. Gore. He worked in the analytical department and it may well be that 
this early experience in his most impressionable years intensified an inborn passion for exactitude 
which later was a feature of his scientific work. He was fortunate in attracting the attention of 
his chief, Mr. H. W. Jones, to whose guidance he admitted he owed more than he could express. 
Realising his ability, Jones suggested that Wynne should study for London Matriculation (of 
which Wynne had never heard). Having passed this examination Wynne became an evening 
student in science at the Birmingham and Midland Institute, where he found an inspiring 
teacher of chemistry and physics in Mr. C. J. Woodward, whose task it was to train students for 
the examinations of the Science and Art Department. Such teachers at that time had an 
incentive which modern teachers lack, their remuneration depending on results. Wynne 
caused his teachers little anxiety on this score for he won valuable prizes during his three years 
of evening study at Birmingham and found time for both classes and field work in botany and 
geology. Eventually in 1881, he was awarded a free studentship at the newly constituted 
Normal School of Science at SouthKensington, which later became the Royal College of Science. 
The problem of maintenance in London, which must have given rise to anxious family 
discussions, was solved by loans from three of his uncles, and in the autumn of 1881 Wynne 


started the Associate course in chemistry. From this time forward his connection with teaching 
institutions was unbroken. 
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His student days in South Kensington appear to have been uneventful. Chemistry was 
studied under Professor (later Sir Edward) Frankland, Japp, and P. F. Frankland, all famous 
men, physics under Guthrie, and geology under Judd. For his work in geology, in which he 
always maintained an interest, he was awarded the Murchison prize. At that time it was 
the ambition of all aspiring chemists to spend a period of study in Germany and, when in 1884 
Wynne was awarded the Associateship of the College and also obtained the London B.Sc. degree 
with Ist class honours, he hoped to do this but found it impossible to obtain the necessary funds. 
Instead, he spent the next year as a research student under Professor Japp, jointly with whom 
his first paper was published. 

Wynne’s subsequent career, after a brief experience (1885—1886) as a lecturer in advanced 
chemistry and physics at Rutherford College, Newcastle-on-Tyne, falls into three periods : 
1886—1904 in London, during which his most important researches, including the famous 
naphthalene research in collaboration with H. E. Armstrong, were accomplished; 1904—1931 
at Sheffield; and 1931—1950 in retirement. 

In March 1886 Armstrong, who two years before had been appointed Professor of Chemistry 
at the newly founded Central Technical College in Exhibition Road, was seeking a research 
assistant. Japp had evidently formed a high opinion of Wynne, and, no doubt well aware that 
Armstrong’s demands on an assistant would be exacting, strongly recommended him for the 
post. Wynne accepted Armstrong’s unsought invitation, and so began the association of these 
two men, fruitful in chemical research for many years and in mutual regard and friendship for 
the rest of their lives. Wynne became accepted as a member of the Armstrong family, and had 
for them a very warm affection. Two years were spent as whole time assistant to Armstrong, 
during which the naphthalene research got well started. Wynne then became assistant 
lecturer and soon afterwards lecturer in the chemistry department of the College, but in 1891, 
at the invitation of Professor (later Sir Edward) Thorpe, returned to the Royal College of 
Science as Assistant Professor in succession to Japp, a post which he held until 1902. In 1904 
Sir William Tilden succeeded Thorpe as Professor at the Royal College; to both of these eminent 
men Wynne confessed to have been greatly indebted for encouragement and example, although 
their personalities were markedly different. Other colleagues at this time who achieved 
eminence among British chemists were M. O. Forster, G. T. Morgan, and J. A. Philip. 

In July, 1902, further promotion came to Wynne when he was elected to the Chair of 
Chemistry at the College of the Pharmaceutical Society, a post which gave much quiet pleasure 
to the man who had started his working life 25 years before as apprentice to a pharmacist. 
The hold of London did not last much longer, as in 1904, at the age of 44, he moved north to 
Sheffield where, as Professor of Chemistry at the University College, soon to become the 
University, he was to spend more than a quarter of a century. 

Practically the whole of Wynne’s significant scientific research work was carried out in the 
period 1886—1897, during his association with Armstrong. It ceased suddenly, and only a 
few papers by him appeared subsequently, scattered over the years, several of them in his old 
age. Why this is so is something of an enigma but the explanation is probably to 
be found in some peculiar personal traits. He loved nothing better than working quietly 
in a research laboratory and was a most skilful experimentalist. Perhaps the circumstances 
which stopped his work with Armstrong in 1897 had some lasting effect on Wynne. 
During the period of his lectureship at the Central and after taking up his duties at the 
Royal College of Science, Wynne carried on with the naphthalene research in Armstrong's 
private laboratory at the Central in his spare day-time, in the evenings, at week-ends, and 
during vacations. He had access to the College with a master-key, and for years every- 
thing went smoothly. Suddenly, in December 1897, without warning, Wynne was told that 
he could not be admitted to the College in this way. Administrative authority could not 
allow one who was not a member of the College staff to have a master key and enter the College 
at all hours without signing a book. Armstrong, taken equally unawares, advised Wynne to 
keep away from the College for a few days, whilst he arranged matters ‘‘ in harmony with the 
views of those under whom I work.’’ But the days became months and the months years 
whilst harmony eluded the disputants. In November, 1903, Wynne was still writing to 
Armstrong about the matter, stating the terms under which he could resume; planning to work 
five evenings a week up to 9.30 p.m. and on Sundays in order to bring the research to an end, 
he hoped, in 12—18 months. He was then Professor at the College of Pharmacy. By March, 
1904, various committees had agreed to let Wynne work at the Central, but there was to be 
no master key! In any case it was too late. Six of Wynne’s best years had been lost to 
research. As silent witnesses to this abandoned enterprise, half-completed preparations in 
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beakers and under watch-glasses remained in a corner of Armstrong’s laboratory until he was 
forced to vacate it in 1914, when they were removed to Sheffield. 

The collapse of the Armstrong collaboration does not, however, in itself explain why from 
this time forward Wynne accomplished so little original work. One reason must be that he 
found it very difficult to collaborate with junior colleagues, even when opportunity came—his 
standard was so high. He was perhaps too afraid of committing himself to a fasle conclusion 
from an experiment which he had not carried out with his own hands. At Cambridge, free 
from other responsibilities, he was able to devote himself to the laboratory, and bring his work 
up to the standard he thought necessary for publication. 

Wynne was called to Sheffield at a critical time in the growth of that City as a centre of 
education. The University College—Firth College as it then was—had reached a stage when 
expansion had become necessary. A new building for housing University College, apart from 
the applied sciences, had been started, and the College was applying for University status, a 
privilege granted the following year, 1905, one year later than the founding of the University 
of Leeds. Consequently Wynne was faced, in addition to the normal duties of a Professor, 
with many problems of re-organisation, into which he plunged with whole-hearted zeal. He 
soon found that the plans were not adequate to allow for the future growth of the chemistry 
department which he foresaw and, with the assistance of the Principal, had them redrafted. It 
was, in fact, only 4 years later that the expanding chemistry department had to take over the 
rooms allotted to botany, and again six years later zoology was pushed out into new quarters. 
After the first world war yet more temporary accommodation for chemistry had to be found. 
In the early years there were many other problems to be faced. His staff, inherited from the 
University College, was one laboratory boy, and most of the equipment, including all lecture 
apparatus, being the property of his predecessor, had disappeared. However, the new 
University opened its doors to students in May, 1905. Some idea of the growth of the University 
during and after Wynne’s time may be gathered from the fact that in 1905 it had only about 
150 full-time students, whilst in 1947 there were about 1355, in addition to 1880 part-time. 

It is clear that from the day of his appointment to Sheffield Wynne did not see himself 
merely as Professor of Chemistry but as a Professor of the University. There were few aspects 
of the life of the University in which he did not take an active interest, and he was especially 
concerned with the welfare of the students, not only educationally but also socially. He made 
it his business to see that as much as possible was done to overcome the disadvantages of a 
non-residential university. In the general administration of the University he played a 
prominent part from the beginning, serving first on the Council in 1906, becoming Dean of Pure 
Science in 1911 and holding that office continuously for 20 years instead of the normal 3 years. 
The last fact alone testifies to the regard in which he was held by his colleagues and to the 
confidence of the Council in his abilities. His outlook was broad and fair, the health of the 
whole body of the University being put above the sectional interests of any Department. Most 
university teachers have to choose, in some degree, between administration and research as 
their main interest beyond teaching. In Wynne’s case the preference was always with the 
former, and one is forced to the conclusion that at heart he enjoyed it and found more 
satisfaction in the day-to-day tasks of the University than in the personal pursuit of 
new knowledge, although he was fully alive to the importance of research as one of the activities 
of a scientific department and encouraged his staff to devote themselves to its pursuit as much 
as possible. Normally Wynne should have retired in 1926 at the age of 65, but by invitation 
of the Council of the University he served another five years, the maximum time permitted 
under the Charter. 

Wynne will long be remembered at Sheffield for his constructive work for the students’ 
welfare. A movement started in the chemistry department by Mr. (later Canon) Bolton to 
form a Students’ Representative Council received his whole-hearted support and he became its 
Treasurer. At that time any students wishing to indulge in games or athletic sports were 
continually faced with the difficulty of having to depend on hired playing fields with little or no 
dressing accommodation. Wynne, although he had never been an athlete or player himself, 
made it a personal hobby to do all he could to ensure that adequate facilities for these healthy 
pastimes should be made available. Having tramped the outskirts of Sheffield with the games 
captains in search of a site, of which few suitable were available in that hilly district, he 
persuaded the University Council in 1909 to purchase 15} acres of land at Norton Woodseats. 
Part of the ground was ready for cricket and Association football next year, but money for the 
development of the site was always hard to get. Wynne never relaxed his efforts, which were 
supported by Sir Albert Hobson, Treasurer and later Pro-chancellor of the University, himself a 
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cripple, who when he died left a legacy of £5,000, as a memorial to two sons killed in the war of 
1914—1918, for the building of a pavilion. Owing to the fall in money value which had taken 
place the sum was insufficient for a worthy building but Wynne with the assistance of Sir 
William Clegg persuaded the Council to provide the money to complete the building as a 
memorial to Hobson. Many features of the building were Wynne’s ideas, including the fine 
maple floor of the tea room which was afterwards used regularly for dancing. He was himself a 
neat and enthusiastic dancer, regularly attending students’ dances and continuing to indulge 
in this recreation until past 80 years of age. As promoter of such social activities and as 
chairman of the Athletics Committee he was, in the words of Dr. Chapman, “ no longer the 
rather severe professor or the awe-inspiring Dean but the affectionate and deeply respected 
father of a large and lively family. . . . To work with Wynne in this field was an unmixed 
pleasure and rich experience.”” He looked back on this side of his work for the students with 
joy and satisfaction. The gratitude of the students was shown by the presentation to him in 
1931 of the one thing needed for his beloved pavilion, a big clock in the front, to the cost 
of which students of every faculty and many generations subscribed. 

Wynne’s kindly nature, wore a rather different aspect in the laboratory and the lecture 
room. By temperament he was exact, precise, methodical, tidy, having all those virtues in which 
the average student is wanting. Slovenliness and untidiness whether in thinking, writing, or 
experimenting were abhorrent to him. A strict disciplinarian, he sought at all times to instil 
these qualities into his students, in addition to a sound knowledge of chemistry. His visits 
to the laboratories were occasions to be dreaded by those who did not conform to his standards, 
for he did not scruple to criticise with withering comment and biting sarcasm. His methods 
did not court cheap popularity, but gained him a wholesome respect. He had behind him the 
experience of years of research carried out with a lone hand, research which could not have been 
brought to fruition without the precision and attention to detail on which he was insistent. He 
was the kind of teacher who is more appreciated by students when they become mature than 
in their youth. In his lectures Wynne concentrated on the younger students, aiming at giving 
them a secure foundation. The lectures were, as would be expected, models of clarity, and 
their value is testified to by those who attended them at South Kensington as well as at 
Sheffield. Himself shouldering the burdens of administration, he left his staff time for original 
work and for fitting themselves for higher positions, a quest in which he never failed to encourage 
them. 

Life for Wynne was by no means finished when he retired from Sheffield at the age of 70, but 
entered on a new phase. Sir William Pope, who had been one of his pupils in the S. Kensington 
days, put at his disposal a room in the University Chemical Laboratory at Cambridge, and here 
Wynne spent 15 happy years. He found pleasure in completing and publishing some of the 
work on naphthalene and toluene chemistry which had been left in an unfinished state many 
years before, doing everything with his own hands in the neat and methodical way habitual 
tohim. During this time also he re-arranged and catalogued a unique collection of specimens of 
naphthalene compounds, about 460 in number, purifying and recrystallising many of them, all 
of which were of his own preparing. This collection was offered to, and gratefully accepted by, 
the Dyestuffs Division of Imperial Chemical Industries Limited and is now housed in handsome 
display cabinets in the research building of that Company at Blackley, Manchester. 

To show his appreciation of the hospitality given him by Cambridge, he voluntarily under- 
took for the Chemical Laboratory some of the duties of a librarian by collecting and cataloguing 
the widely dispersed books belonging to the department and getting them properly housed in a 
central reference library. This episode provides another typical illustration of Wynne’s love of 
order and tidiness. To this note his life was tuned. At Cambridge Wynne was given the 
honorary degree of M.A. and was made a member of the high table of Sidney Sussex College, a 
privilege which assured him of contact with the intellectual life of the College. When he 
reached the age of about 85 Wynne began to find laboratory work fatiguing. About this time, 
too, the appoinment of a new Professor with consequent reorganisation and extension of the 
research activities of the organic laboratories at Cambridge so increased the demand for space 
that Wynne surrendered the room where he had spent the autumn of his life. So in 1946 he 
moved to Manches.er to live with his daughter, Mrs. Grant. Declining health prevented his 
taxing much part in chemical activities in Manchester, but he was not too far from Sheffield to 
pay a visit to his old University whenever a function offered an excuse. He read a great deal 
at this time and corresponded with a few surviving friends, in clear handwriting which was a 
pleasure to see and a joy to read. 

Throughout his life Wynne gave freely of his time to the work of scientific societies, especially 
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the Chemical Society. He was an abstractor from 1887 to 1891, and from 1900 to 1903 was 
editor. He had two periods as Honorary Secretary of the Chemical Society, 1898—1899 and 
1903—1905, and served on the Council first as an ordinary member from 1892 to 1896, afterwards 
as an Officer of the Society for many years. He first became a Vice-President in 1905, was 
President 1923—1925, his last year as Vice-President being 1948. He served on the Council of 
the Royal Society 1919—1921 and was President of Section B of the British Association for the 
Advancement of Science at the Birmingham meeting in 1913. He did much examining work for 
universities, for the Institute of Chemistry, and for the Board of Education. Outside science 
he represented the diocese of Sheffield in the National Assembly of the Church of England for 
ten years, 1925—1935. 

From 1934 to 1943 Wynne was a member of the University Grants Committee, in which 
capacity he had the opportunity to try to remedy some of the disadvantages under which the 
Universities suffered as centres of chemical research, to which he called attention in his 
Presidential Address to the Chemical Society in 1925. 

Wynne had, in spite of a rather reserved manner and more than a touch of cynicism, a great 
capacity for friendship and for inspiring devotion. He was deeply attached to the Armstrong 
family, especially to H. E. and his eldest son E. F., whose death was a great shock to him. 
Other intimate friends were Pope, Crossley, and Forster whom he outlived, and Dr. Martha 
Whiteley with whom he formed an enduring friendship whilst at the Royal College of Science. 
At Sheffield he had many devoted friends and, as Miss Turner says, all sorts of people would do 
anything for him. Many sought his advice, which was often very difficult for those lacking his 
courage to follow. His pleasures were largely those which could be enjoyed in company, 
walking, climbing, golfing, dancing, music, and the drama. 

Wynne was twice married. In 1887 he married Margaret Emma Curtis, daughter-of the 
proprietor of the Brighton Gazette, by whom he had a son Francis who died in the United States 
in 1908 at the age of 20, and a daughter Dorothy who survives him. In 1907 he married 
Alice Julia Seelenmeyer, daughter of a pharmacist at Melbourne, Australia, by whom he had a 
son, Leonard, who was killed in a motor accident in 1939 at the age of 30. 


The chemical enquiry with-which Wynne’s name will always be associated is that concerned 
with the determination of the orientation of isomeric naphthalene derivatives and with the 


laws of substitution in the naphthalene series. The subject was of both scientific and technical 
interest at the time. In Germany naphthalene compounds were assuming growing importance 
as components of new and better azo-dyes than were obtainable from benzenoid compounds, 
and a more systematic knowledge of naphthalene chemistry was wanted on that score. German 
dyestuff firms provided Armstrong with many of the materials with which they worked, including 
several naphthylaminedisulphonic acids. Armstrong had projected and starféd work on this 
theme in 1880 with an assistant, Graham, but for 5 years, until Wynne joined Armstrong in 
1886, it had been at a standstill. From the start Wynne took up the subject with enthusiasm 
and for the next eleven years important results came out steadily. If Armstrong was the 
initiator and guide, Wynne provided the sustaining force which kept the research going. After 
Wynne stopped work, in the unfortunate circumstances already related, although Armstrong 
had other assistants and opportunities, he produced nothing more in this field. It has frequently 
been commented that this important work was published only in the form of brief notes (40 in 
all) in the Proceedings of the Chemical Society, giving only summaries of results obtained without 
details of methods used or analytical data. It was Armstrong's deliberate choice to withhold 
detailed publication until the whole story could be told, his view being that the experimental 
methods used were in general sufficiently well-known to trained chemists. His plan was 
upset by the unexpected stopping of the work; no doubt, he hoped that at some time it could 
be resumed and brought to a stage for writing up in full. Wynue partly atoned for this 
omission by writing for Thorpe’s Dictionary of Applied Chemistry a masterly summary of the 
chemistry of naphthalene which, when interest in dyestuffs and their intermediates forcibly 
revived in this country after the first world war, was of the greatest assistance to British 
chemists. 

A fairly complete survey of the joint work has already been published in the Obituary 
Notice of H. E. Armstrong (J., 1940, 1421) and it would be superfluous to repeat it here. This 
covered the characterisation with certainty of the ten dichloro- and fourteen trichloro- 
naphthalenes and the establishment of the orientation of a large number of di- and tri-derivatives 
of naphthalene including the important naphthylamine- and naphthol-sulphonic acids. These 
orientations depended eventually on conversion of each substance into one or other of the 
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known di- or tri-chloronaphthalenes, on the assumption that no migration took place. This 
assumption was proved by many experiments to be reliable, but Wynne recently called the 
writer’s attention to one instance, discovered at the very end of the collaboration, in which it was 
invalid. When 1 : 8-dichloronaphthalene-3-sulphonic acid was heated with 1% sulphuric acid 
at 290° to remove the sulphonic group it yielded the expected 1 : 8-dichloronaphthalene, but with 
stronger acids it gave the isomeric 1 : 5-dichloronaphthalene (with much charring) and, when 
superheated steam was passed into a suspension of the material in a mixture of sulphuric and 
orthophosphoric acids, the 1 : 7-isomer was obtained. It was then found that 1 : 8- changes 
almost quantitatively into 1 : 5-dichloronaphthalene when heated with hydrochloric acid at 
300°; no other dichloronaphthalene suffers any such conversion and it is unlikely that an 
unsuspected change has invalidated any of Wynne’s conclusions. 

In the years following the 1914—1918 war Wynne found time occasionally to return to the 
study of naphthalene, with the assistance of Miss E. G. Turner who joined his staff during the 
war, having formerly been an undergraduate at Sheffield, acted as his secretary for many years 
and remained his friend after his retirement. With her he resumed the study of the sulphonation 
of the trichloronaphthalenes and the characterisation of the tetrachloronaphthalenes obtainable 
from them by replacing the SO,Cl group by chlorine. He also studied the tetrachloro- 
naphthalenes derivable from the tetrachlorides of 1: 4- and 1 : 5-dichloronaphthalenes and 
eventually completely characterised seven of the 22 possible tetrachloronaphthalenes, a further 
seven being left with the positions of three of the four chlorine atoms known. The work was, 
however, only brought to this stage of completion during his retirement at Cambridge and was 
published after his 81st birthday (J., 1941, 243; 1946,61). One of his last efforts in naphthalene 
chemistry was the preparation, in collaboration with J. Chatt, of a new tetranitronaphthalene, 
almost certainly the 1 : 3: 5: 7-compound, which was required so that its explosive properties 
might be examined. This work was published in his 84th year (J., 1943, 34). 

Another line of research which Wynne sustained through the years was concerned with the 
chemistry of the chloro- and sulpho-derivatives of toluene. It had its roots in the naphthalene 
research, starting when Wynne required a quantity of 3 : 4-dichlorotoluene for the preparation 
of 3: 4-dichlorobenzaldehyde to use in the synthesis of 1: 2: 8-trichloronaphthalene. It 
should be readily obtainable from 3-chloro-p-toluidine, to be obtained by chlorinating aceto-p- 
toluidide, but direct chlorination of this gave a complex mixture from which a pure product was 
difficult to isolate. Wynne therefore studied the use of sulphury] chloride as chlorinating agent. 
From aceto-o-toluidide this gave almost exclusively the 5-chloro-derivative, but again the 
para-isomer gave a mixture of mono- and higher chloro-derivatives. Working on a considerable 
scale (he used 5 kg. of aceto-p-toluidide) Wynne subjected the isolated chlorinated base to the 
Sandmeyer reac§,.»n (replacing NH, by Cl) and by fractionally distilling the product obtained 
over 2 kg. of plrictically pure 3: 4-dichlorotoluene. To obtain material of the highest purity, 
however, he sulphonated this, fractionally crystallised the barum salt (incidentally examining 
many other salts), and eventually hydrolysed the purified sulphonic acid back to 3 : 4-dichloro- 
toluene. This laborious work, of which the above is a very bare outline, constituted Wynne’s 
thesis for the degree of D.Sc. of London University. The thesis reveals well the writer's zeal 
and his determination to verify each conclusion by every posible means. If the naphthalene 
work had been published as fully, much valuable experience now lost would have been made 
available to other workers. Whilst at the Royal College of Science Wynne extended this work, 
with collaborators, to the study of other dichlorotoluenes and their sulphonic acids. Twenty 
years after, with W. A. Silvester, the constitutions of some of these sulphonic acids were 
established at Sheffield (1914—1915, 1919), but Wynne could not bring himself to publish the 
results until 1936 when, at Cambridge, he had been able to do some more work himself. At the 
same time, in his 77th year, other work on the same subject carried out with Miss Turner and 
G. M. Bennett was released. , 

Wynne’s scientific work, like everything he undertook, reveals a man with an infinite capacity 
for taking pains. He worked mainly with a class of substances, sulphonic acids, which most 
chemists shun and in this field he was undoubtedly a master. E. H. Ropp. 
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PROCEEDINGS 


OF THE 


CHEMICAL SOCIETY 





Minutes of a 
SCIENTIFIC MEETING 
held in the Lecture Theatre of The Royal Institution on June 7th, 1951, at 7.30 p.m. 


The President, Str Eric RrpEAt, M.B.E., M.A., D.Sc., F.R.S., was in the Chair. 


MINUTES. 


The Minutes of the Scientific Meeting held at The Royal Institution on May 10th, 1951, 
were read, and were confirmed and signed. 


BIRTHDAY HONOURS LIST. 
On behalf of those present, Sir John Simonsen congratulated the President on the 
award of a Knighthood. 


It was reported that the congratulations of the Society had also been sent to Sir William 


Slater, K.B.E., and Sir Roger Duncalfe, whose names appeared in the Birthday Honours 
List. 


FORMAL ADMISSION OF FELLOWS. 

The following were admitted Fellows of the Society: T. A. Smith, M. D. J. Isaacs, 
R. F. Bird, A. H. Jackson, T. C. Manly, R. D. Lewis, J. M. Ross, David M. Freeland. 
‘TILDEN LECTURE. 


After a brief introduction the President called upon Dr. F. L. Rose to deliver the Tilden 
Lecture entitled, ‘‘ A Chemotherapeutic Search in Retrospect.”’ 


At the conclusion of the Lecture, a vote of thanks to the Lecturer, proposed by Professor 
F. E. King, was carried with acclamation. 





OFFICIAL ANNOUNCEMENTS 
DEATHS. 


The Council regrets to announce the deaths of the following Fellows : 


Elected. Died. 
Isidore Elkanah Balaban (Cheadle 
Hulme) Dec. 4th, 1924. May 23rd, 1951. 
Arthur George Bell (Spennymoor) ....... May 5th, 1921. May 4th, 1951. 
William Lowson (Leeds)..............s0s000+ June 20th, 1901. May 20th, 1951. 
Mar. 16th, 1944. Feb. 18th, 1950. 
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CONGRATULATIONS. 


Congratulations have been conveyed to the following Fellows who completed fifty years 
of Fellowship on June 20th, 1951 : 


William George Aston (Dorking). 

Edward Horton (S.W.18). 

Robert Tabor Lattey (Church Enstone). 
George William Gerald Tatam (Shepperton). 


HONORARY FELLOWSHIP. 


The Council has nominated Professor Arthur Becket Lamb (Harvard) for election 
as an Honorary Fellow of the Chemical Society. Professor Lamb was appointed Editor of 
the Journal of the American Chemical Society in January, 1918, and held that appointment 
for thirty-two years. The growth of the Journal of the American Chemical Society during 
this period represents the magnitude of the service which Professor Lamb has rendered to 
the American Chemical Society and to the science of Chemistry. The Council feels that, 
in this year, which marks the seventy-fifth Anniversary of The American Chemical Society, 
it is appropriate to honour one who, over so long a period, has been identified with the 
Journal of our sister Society in the United States. 


The election, under the conditions of Bye-Law 12, will be considered by the Council 
at its next meeting. 


ELECTION OF NEW FELLOWS. 
The following 54 candidates were elected Fellows of the Society on June 7th, 1951 : 


Bernhardt Anderson. Victor Peter Kreiter, jun. 
Arthur G. Anderson, jun. Irving Kuntz. 
Vuppalapaty Baliah. Harold Livesey. 

Henry George Baxter. Henry Mackle. 

Irving Swem Bengelsdorf. John Middlemas. 

David Bruce Bright. Alexander Adrian Mieras. 


Saul R. Buc. Geoffrey Walter Millard. 
Amyand David Buckingham. Darius Tehmuras Modi. 
John Man Mo Che. Derek James Morrill. 


David Brian Cowell. Khairi Ali El Nagdi. 
Kenneth Arthur Collier. Peter Frederick Nelson. 
Denis Coyle. Raymond Etienne Paul. 
Frans Peter Karel de Jong. Andre Victor Petit. 

Floyd Samuel Eberts, jun. Edward Rapkin. 

Ahmed Sayed El-Nawawy. Mrs. Britta Gullan Robinson. 
Dennis Ernest John Flack. Sidney David Ross. 

John Denis Fowler. Charles McCowan Roxburgh. 
Peter Thomas Gilham. Wolfe Segal. 

Alan Leslie Glenn. Kenneth Noel Francis Shaw. 
Frank Henry George Gooding. George Simpson. 

Augustus Gordon-Elliott. Philip A. Singleton. 

Rudolf Grewe. Roy Wade. 

Mrs. Betty Ida Hopson Hill. Garry Thomas Walker. 
Keith Frandor Jennings. Derek Watson. 

Mahdi Mourtadha Khoja. Peter Nicholas Whitby. 

John Henderson Knox. Albert Frederick Williams. 
Leon Kohn. Leonard John Anderson Williamson. 


VACANCY ON COUNCIL—CONSTITUENCY II. 


Dr. S. J. Gregg has been co-opted as a Member of Council under Bye-Law 42 to fill 
the vacancy caused by the election of Professor M. Stacey as a Vice-President, and to serve 
until the next Annual General Meeting. 


LOCAL REPRESENTATIVE—SOUTH WALES. 


The Council accepted with regret the resignation of Professor C. W. Shoppee as Local 
Representative for South Wales and has appointed Dr. K. W. Sykes to fill the vacancy. 
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RESEARCH FUND. 
The following grants have been awarded from the Research Fund : 


Title of Research. 


The catalysis of the 
water-soluble 

(a) Kinetics of Pocleophilic displacement of halogen from 
atomic systems, etc., etc. ; 

(b) Synthesis of potential histamine antagonists, etc 

An investigation of the loss of alkyl groups durin ss 
hydrogenation of alkylated di- and tetra-hy 
thalenes and -naphtho 

K. Dean. sa in the fatty acid composition of native British plants 
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M. Hall Configuration of polycyclic structures 

Holmes An investigation into the chelating powers of some hetero- 
cyclic compounds 

Kurzer. Sulphur-containing derivatives of urea . 

C. Pepper. Mechanism of ionic polymerisations 

H. Plesch. Investigation of cationic polymerisations and related 
phenomena 

Rothstein. The influence of substituents on the reactions of unsatur- 
ated organic sulphur compounds . 
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A meeting of the Research Fund Committee will be held in November next. All 
persons who have received grants, and whose accounts have not been declared closed by 
the Council, are informed that reports must be received by the Society not later than 
November Ist, 1951. 

Applications for grants, to be made on forms obtainable from the General Secretary, 
must be received on or before November Ist, 1951. Applications from Fellows will receive 
prior consideration. 

Attention is drawn to the fact that the income arising from the donation of the 
Worshipful Company of Goldsmiths is principally devoted to the encouragement of research 
in inorganic and metallurgical chemistry, and that the income from the Perkin Memorial 
Fund is to be applied to investigations relating to problems connected with the coal-tar 
and allied industries. 


CORDAY-MORGAN MEDAL AND PRIZE. 


The Corday—Morgan Medal and Prize, consisting of a Silver Medal and a monetary 
Prize of 150 Guineas, is awarded annually to the chemist of either sex and of British 
Nationality who, in the judgment of the Council of the Chemical Society, shall have 
published during the year in question, the most meritorious contribution to experimental 
chemistry and who shall not, at the date of publication, have attained the age of thirty- 
six years. The Council has power to suspend the award in any year in which no suitable 
candidate presents himself or is brought to the notice of the Council. 

Copies of the rules governing the Award may be obtained from the General Secretary 
of the Society. Applications or recommendations in respect of the Award for the year 
1950 must be received not later than December 31st, 1951, and applications for the Award 
for 1951 are due before the end of 1952. 
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LIST OF APPLICATIONS FOR FELLOWSHIP 


(Fellows wishing to lodge objection to the election of these candidates should communicate with the Honorary 
Secretaries within ten days of the date of publication of the Journal for July, 1951. Such objections will 
be treated as confidential. The forms of application are available in the Library.) 


*Baily, William Peter James. British. 26, Farm Lane, Purley. Laboratory Assistant, Vinyl Products 
Ltd., Carshalton. Signed by: J. R. Hickman, H. Warson, A. C. Fletcher. 

Barnes, Cyril Raymond, B.Sc. (Lond.), A-R.I.C. British. 15, Ceylon Road, Westcliff-on-Sea. Senior 
Assistant Chemist, Southend Municipal College. Signed by: P. C. L. Thorne, R. J. H. Banks, H. 
ooo 

Bernard George, B.Sc. (L’pool.). British. 58, Hillfoot Avenue, Speke, Liverpool, 19. 

Research Student, Liverpool University. Signed by: F. M. Dean, A. McGookin, W. B. Whalley. 

, George, M.P.S. British. 15, Berrylands Road, Caversham, Reading, Berks. Director and 
General Manager, Bradley & Bliss, Ltd. Signed by: F. J. Allen, A. E. Corker, J. M. C. Fox. 

*Cabell, Michael John, B.A. and B.Sc. (Oxon), A.R.I.C. British. Ridgeway House, A-E.R.E., Harwell, 
Nr. Didcot. Scientific Officer, Ministry of Supply. Signed by: H. Irving, A. A. Smales, F. W. 
Cornish. 

Carr, Derek. British. 9a, Church Road, Hendon, N.W.4. In charge of Medical Information Depart- 
ment, Abbott Laboratories, Ltd., Perivale. Signed by: J. B. Grosset, W. J. Heddle, W. J. Sharpe. 

*Checkland, Peter Bernard. British. St. John’s College, Oxford. Student. Signed by: H. W. 
Thompson, E. J. Bowen, R. L. Williams. 

*Chenoweth, John Garfield. British. 17, West Hill Road, Mutley, Plymouth, Devon. Student at 
University College, Exeter. Signed by: S. J. Gregg, K. Schofield, J. S. Whitehurst. 

*Chilvers, Kenneth William. British. 44, King George V Avenue, King’s Lynn, Norfolk. Student. 
Signed by: D. O. Jordan, J. C. Roberts, T. J. King. 

*Cousens, Richard Henry, B.Sc. (Lond.). British. Dashwood House, 69, Old Broad Street, London, 
E.C.2. Research Student, London University. Signed by: W. Wardlaw, R. W. Pittman, A. J. 
Taylor. 

*Davidson, Fa Cameron. British. 4, Lovat Road, Inverness. Student, St. Andrews University. 
Signed by: H. T. Openshaw, J. Read, D. Lloyd. 

*Dunley, Peter Glendinning. British. 29, Herriet Street, Glasgow, S.1. Student. Signed by: J. S. 
McLean, W. A. Alexander, A. B. Crawford. 

*Fallows, John Thomas, B.Sc. (Manc.). British. 88, Commercial Road, Hazel Grove, Nr. Stockport. 
Assistant Technical Officer, I.C.1. Dyestuffs Division, Manchester. Signed by: G. N. Burkhardt, 
G. R. Barker, H. A. Skinner. 

Franke, Robert Herrmann, Dr. Ing. (Dresden). German. 85, Old Park Ridings, London, N.21. Chief 
Chemist, Ozalid Co., Ltd. Signed by: H. E. Cox, F. C. Lloyd, A. Tyrrell. 

*George, Maurice Hilary, B.Sc. (Birm.). British. 42, Gough Road, Coseley, Bilston, Staffs. Research 
Student, Birmingham University. Signed by: S. R. Carter, H. W. Melville, L. L. Bircumshaw. 

Hill, Michael William. British. 93, Repton Road, West Bridgford, Nottingham. Student, Oxford 
University. Signed by: H. Irving, S. G. P. Plant, R. E. Richards. 

*Hogg, Donald Raynor, B.Sc. (Lond.). British. 125, Sandhurst Road, Catford, S.E.6. Signed by: 
W. J. Hickinbottom, J. R. Partington, M. F. Ansell. 

*Illingworth, Eric, B.Sc. (Leeds), A.R.I.C. British. 16, Kendal Crescent, Worsbro’ Bridge, Barnsley. 
Research Student. Signed by: A. T. Peters, W. Bradley, E. J. Cross. 

Irwin, Henrietta, B.A. and B.Sc. (Dublin), A.R.L.C. British. 14B, Chiswick Lane, Chiswick, E.4. 
Chemist, J. Lyons & Co., Ltd., W.14. Signed by: L. H. Lampitt, C. A. Bassett, J. H. Bushill. 
*Kinsley, Denis Anthony. British. St. Edmund Hall, Oxford. Student. Signed by: H. Irving, J. W. 

Linnett, C. Phillips. 

*Laws, George Frederick, B.Sc. (Lond.), A.R.I.C. British. 48, Burchell Road, London,S.E.15. Research 

Student, Birkbeck College. Signed by: D. H. R. Barton, W. J. Rosenfelder, N. J. Holness. 
. B.Sc. (Lond.). British. 10, St. Gabriel’s Road, London, N.W.2. Industrial 
Chemist, J. Lyons & Co., Ltd., W.14. Signed by: L. H. Lampitt, J. H. Bushill, C. A. Bassett. 
, George Wilson, B.Sc. (Lond.). British. 17, Stanhope Road, Stockton-on-Tees. Analytical 
Chemist. Signed by: F. G. Angell, B. W. Bradford, J. Faulkner. 

Maddox, V. Harold, jun., B.S. (Carnegie Inst. of Tech.). American. 19, Chester Circle, New Brunswick, 
New Jersey, U.S.A. Teaching Assistant, Rutgers University. Signed by: M. A. Manganelli, 
B. R. Bluestein, J. F. Lane. 

*Niirsten, Harry Erwin, B.Sc. and Ph.D. (Leeds), A-R.I.C. British. 38, Lee Lane East, Horsforth, 
Leeds. Research Fellow. Signed by: W. Bradley, J. W. Baker, F. Challenger. 

*Penman, Douglas Roy, B.Sc. (Sydney). British. 41, Liverpool Road, South Strathfield, Sydney, 
N.S.W., Australia. Research Student, Sydney University. Signed by: R. J. W. Le Feévre, T 
Iredale, J. Cymerman. 

*Plimmer, Jack Reynolds. British. 24, Belgrave Square East, Monkstown, Co. Dublin. Student 
Trinity College, Dublin. Signed by: Wesley Cocker, D. C. Pepper, B. E. Cross. 

Seidler, Jan Hynek, B.Sc. (Adelaide). British. Chemistry Department, University of Adelaide, S 
Australia. Research Scholar. Signed by: G. M. Badger, H. G. Rodda, R. Pettit. 
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Smith, John Frederick, B.Sc. yg 9 A.R.C.S. British. 3, Kingswood Place, Lewisham, S.E.13. 
Research Student. Signed by: R. J. Woods, K. R. Bharucha, J. A. Elvidge, J. Smith. 
. Norman Fletcher. British. 3a, Brookside, Headington, Oxford. Undergraduate. Signed 
: J. C. Smith, H. Irving, G. D. Parkes. 
*Turner, John Michael. British. Emmanuel College, Cambridge. Undergraduate. Signed by: 
L. J. Haynes, P. Sykes, J. G. Buchanan. 
Wasif, Saad, B.Sc. (Fouad Ist Univ.). Egyptian. Chemistry Department, University College, Gower 
Street, W.C.1. Research Student. Signed by: W.H. Lee, Y. Pocker, I. G. Ross. 
. Desmond Michael Sherlock, B.Sc. (N.U.I.). Irish. 1, am ges Road, Terenure, Dublin. 
Student, Dublin University. Signed by: A. G. G. Leonard, E. Philbin, T. S. Wheeler. 


UNDER SPECIAL PROVISION APPERTAINING TO CANDIDATES RESIDENT ABROAD. 


Birum, Gail Hubert, M.S. and Ph.D. (Purdue). American. 408, East Green Street, Frankfort, Indiana, 
U.S.A. Research Chemist at the Monsanto Chemical Co., Dayton, Ohio. Signed by: N. Korn- 
blum, G. F. Judd. 

*Butler, John Parkman, B.A. (Amherst). American. Department of Chemistry, Iowa State College, 
Ames, Iowa, U.S.A. Graduate Assistant. Signed by: G. S. Hammond. 

D. és Sc. French. Faculté des Sciences, 25, Boulevard Gen de Paume, Mont- 
pellier, Herault, France. Professor of Chemistry. Signed by: E. D. Hughes. 

Chiavarelli, Stefano, D.Chem. (Rome). Italian. Istituto Superiore di Sanita, Viale Regina Margherita, 
299, Rome, Italy. Research Chemist. Signed by: S. J. Pirt. 

Howard E. M.S. and Ph.D. (Western Reserve Univ.). American. Department of Chemistry, 
University of Cincinnati, Cincinnati 21, Ohio, U.S.A. Assistant Professor of Chemistry. Signed 
by: A. I. Kosak, I. R. MacGregor. 

Foss, Rodney Ham, M.S. (Yale), M.D. (Harvard). American. Box 1663, Los Alamos, New Mexico, 
U.S.A. Leader, Biochemistry Section, Los nee Scientific Laboratory. Signed by: F. N. 
Hayes. 

William, M.S. (Tufts Col.), Ph.D. Pdi). American. Colgate-Palmolive-Peet Co., 
106 3 Hudson Street, Jersey City 2, New Jersey, U.S.A. Research Chemist. Signed by: N. O. V. 


nian K. H. Dr. rer. nat. (Muenster). German. Ruhrstrasse 70, Witten/Ruhr, Germany. 
Managing Director. Signed by: G. Lewi. 

*Jones, Emmanuel St. Clair Fitzgerald. British. Research Department, Brechin Castle Estate, Conva, 
Trinidad, British West Indies. Analyst. Signed by: Sir John Saint. 

*Kochi, Jay Kazuo, B.Sc. (Calif.). American. 233, Sheldon Avenue, Ames, Iowa, U.S.A. Graduate 
Student at Iowa State College. Signed by: F. J. Modic, G. S. Hammond. 

Martin, Jerome L., B.S. and Ph.D. (Calif.). American. Commercial Solvents Corporation, Terre 
Haute, Indiana, U.S.A. Director of Research. Signed by: R. E. Evans, F. D. Snell. 
Mudrak, Anion, M.S. and Ph.D. (Illinois). American. Colgate-Palmolive-Peet Co. 105, Hudson 
yo Jersey City 2, New Jersey, U.S.A. Research Chemist. Signed by: N.O. V. Sonntag. 
Orr, Albert Stanford, B.S. (Texas A. & M. Coll.). American. Gulf Oil Corporation, P.O. Box 7409, 
Philadelphia, Pennsylvania, U.S.A. Director, Refinery Technology Laboratory. Signed by: 
T. Dewing. 

Petersen, Quentin Richard, B.S. (Antioch). American. 1725, Orrington Avenue, Evanston, Illinois, 
U.S.A. Student. Signed by: B. F. Filipasic, L. C. King. 

Purser, Edmond Penrod, B.Sc. (W. Australia). Australian. c/o Australia House, Strand, London, W.C.2. 
Signed by: M. A. Crook. 


* Reduced Annual Subscription. 





PAPERS RECEIVED 
(List of papers received between May 19th and June 14th, 1951). 


“Syntheses of polycyclic systems. Part I. A new synthesis of phenanthridine and 
hydrophenanthridines.”’ By E. A. BRAuDE and J. S. Fawcett. 

“‘ Syntheses of polycyclic systems. Part II. A new synthesis of phenanthridone and 
hydrophenanthridones.’” By E. A. BRaupDE and J. S. Fawcett. 

“‘ Syntheses of polycyclic systems. Part III. mesoAzanaphthanthrone and dibenzo- 
(6 : 7-13 : 14)diazapentacene."” By E. A. Braupe and J. S. Fawcett. 

“ A new all-glass membrane manometer.’’ By A. KABEsH and R. S. NYHOLM. 

‘‘ Hydrated calcium silicates. Part II. Hydrothermal reactions : lime : silica ratio 1.0.”’ 
By L. HELLER and H. F. W. Taytor. 

“‘ Syntheses in the’ morphine series. Part II. Substituted phenyleyclohexanes and 

related topics."’ By J. A. BARLTROP and J. S. NicHoLson. 
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“ Action of diazomethane on 2-arylidene-3-phenylindan-l-ones.’’ By A. MusTAFA and 
M. K. Hitmy. 

“‘ Quaternary ammonium salts. Part III. Preparation and degradation of quaternary 
ammonium salts of asymmetric diphenylethylenes and ethyl diphenylacrylate.”’ 
By W. Tapros and A. LatiF. 

“Quaternary ammonium salts. Part IV. Preparation and decomposition of some 
quaternary ammonium salts of triphenylethylene. Synthetic cestrogens related to 
triphenylethylene. Part III.’’ By W. Tapros and A. LatiF. 

“Nucleotides. Part VIII. cycloNucleoside salts. A’ novel rearrangement of some 
toluene-f-sulphonylnucleosides.’’ By V. M. CLark, A. R. Topp, and J. ZUSSMAN. 

‘* Colouring matters of the aphidide. Part V. Infra-red spectra.’”’ By A. W. JoHNsON, 
J. R. Quay.e, T. S. Ropinson, N. SHEPPARD, and A. R. Topp. 

“‘ Some derivatives of phenacylaniline.’’ By D. L. Patn and R. SLACK. 

“The search for chemotherapeutic amidines. Part XI. Phenanthridines.’’ By D. D. 
LIBMAN and R, SLACK. 

“ Picrotoxin and tutin. Part IV. The reducing properties and functional groups.” 
By H. V. BREwerTON, J. R. FLETCHER, M. Martin-Smitu, S. N. SLATER, and 
A. T. WILSON. 


“The preparation of 4-isopropylidenecyclohexanone and derivatives.’’ By K. G. 
LEwIs. 


‘ The structure of ésothiohydantoin and related compounds.’’ By W. Davigs and J. A. 
MACLAREN. 

‘The chemistry of the melanins. Part IV. Some dihydroxyindoles substituted in the 
benzenoid nucleus.’’ By R. J. S. Beer, J. P. Brown, and A. RoBERTSON. 

“The paper chromatography of the cardiac glycosides.’’ By C. H. Hassaut and S. L. 
MARTIN. 

“ Aspergillic acid. Part III. The synthesis of racemic deoxyaspergillic acid.’’ By G. T. 
NEWBOLD, W. Suarp, and F. S. SPRING. 

“The basic strengths of methylated guanidines.’’ By S. J. ANGyAL and W. K. War- 
BURTON. G4 

“* Acetals of glutardialdehyde.' The preparation of 1 : 1 : 5 : 5-tetraethoxy- and 1:1: 5: 5- 
tetra-n-butoxy-pentanes.”’ By R. H. Hatt and B. K. Howe. 

“ Ultra-violet absorption spectra of some metabolites of naphthalene, anthracene, and 
phenanthrene.” By R. N. BEALE and E. M. F. Roe. 

“The crystal structure of potassium hydrogen bisphenylacetate.’’ By M. Davies and 
W. J. ORVILLE THOMAs. 

“‘ Aromatic hydrocarbons. Part LXI. Pentaphene.’’ By E. CLar and D. G. STEWART. 

‘ The associating effect of the hydrogen atom. Part XV. The S-H-N bond. Esters of 
thion- and dithio-carbamic acids.’””’ By A. A. Burrows and L. HunTER. 

“‘ Magnetochemistry of the heaviest elements. Part V. Uranium tetrafluoride-thorium 
tetrafluoride solid solutions.’” By J. K. Dawson. 

“‘ Studies in the polyene series. Part XXXVIII. The synthesis of phenyl analogues of 
vitamin A acid and vitamin A.’’ By B.C. L. WEEDon and R. J. Woops. 

“‘ Some derivatives of methylsuccinic acid.” By WesLEyY Cocker and A. K. FATEEN. 
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